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Music venue workers are frequently exposed to high levels of music without 
access to hi-fidelity (musician’s) hearing protection or hearing health education. The 
purpose of this study was to describe the changes in knowledge, attitudes, beliefs, 
behaviors, and experiences of small music venue workers before and after wearing high-
fidelity musician’s earplugs at work for five work shifts. A modified pre-questionnaire 
and post-questionnaire were administered including the Youth Attitude to Noise Scale 
(YANS), the Beliefs About Hearing Protection and Hearing Loss Scale (BAHPHL), the 
Tinnitus Handicap Inventory (THI), and additional questions to ascertain further 
information regarding past sound exposure and hearing protector device (HPD) use. The 
post-questionnaire additionally included the Modified (HPD) Comfort Index that allowed 
participants to respond with regard to their experience wearing musicians’ earplugs. 
Thirty-two participants from three small music venues completed the pre-questionnaire 
and 24 completed the post-questionnaire. Participants were asked to wear a set of 
musicians’ ear plugs after completing the initial survey and watching a video that 
demonstrated proper fitting and use of the musician’s earplugs.  
For the modified YANS, a significant improvement was only observed in attitude 
towards daily noise (p = <0.0001*). For the BAHPHL, a significant improvement was 
 
iv 
observed in self-efficacy (p = 0.01). For the combined knowledge, attitudes, behaviors, 
beliefs, and experiences (KABBE) analysis, a significant improvement was observed for 
beliefs (p = 0.04) and behaviors (p = 0.01). A clinically significant reduction in self-
reported tinnitus symptoms was observed for 36.4% of participants after hearing 
protector use during work exposures. ER-20 earplugs were scored as neither comfortable 
or uncomfortable on both the pre- and post-questionnaires.  
Overall these results suggest that the distribution of hi-fidelity earplugs 
accompanied by a brief HPD fitting video viewed on a smartphone to workers in small 
music venues is practical and results in significant improvements in worker attitudes 
towards daily noise, self-efficacy, beliefs, and behaviors related to hearing protector use 














 Thank you to my research advisor and committee--Drs. Meinke, Finan, and 
Weber, this could not have been completed without your support. 
A special thanks to Dr. Greg Flamme for his assistance and advice in analysis. 
Another special thanks to the managers and employees of the music venues for their help 


















Research Questions and Hypothesis 
 
1 
II. REVIEW OF THE LITERATURE………………………………………. 
Authority Risks of Noise Exposure 
Auditory Effects of High-Level Music Exposure 
Service Workers Exposed to Music 
Hearing Protection Devices 
Factors Influencing the Use and Performance of Hearing Protection in 
the Workplace 
Hearing Protection for Music Listening 





Participants and Recruitment 
Survey Selections and Adaptation 
Final Survey Instrument 
Earplugs and Training Video 
Data Analysis Procedures 


















Hearing Protection Comfort Index 
Tinnitus Handicap Inventory 








     A. Institutional Review Board Approval………………………………….. 
     B. Consent Form…………………………………………………………... 
     C. Pre- and Post-Questions………………………………………………... 




















LIST OF ABBREVIATIONS 
 
 
CDC - Centers for Disease Control and Prevention  
DJ – Disc jockey  
HPD – Hearing protection devices  
OSHA – Occupational Safety and Health Administration  
SPL – Sound pressure level  
dB A – Decibel A-weighted  
dB – Decibel  
Hz – Hertz  
BAHPHL – Beliefs About Hearing Protection and Hearing Loss Scale  
YANS – Youth Attitude to Noise Scale  
NIHL – Noise-induced hearing loss  
TTS – Temporary Threshold Shift  
DPOAE – Distortion product otoacoustic emissions  
OAE – Otoacoustic emissions  
PRJMQ – Pop/Rock/Jazz Musician's Questionnaire 
TEOAE – Transient evoked otoacoustic emissions  
kHz – Kilohertz  
NIOSH – National Institute for Occupational Safety and Health  
LEP,d – Daily personal noise exposure  
 
ix 
Leq  – Equivalent sound level  
ANOVA – Analysis of variance  
dB SPL – Decibel sound pressure level  
PA system – Public address system  
REAT – Real ear attenua tion at threshold  
ANCOVA – Analysis of covariance  
MIRE – Microphone in real ear  
HINT – Hearing in Noise Test  
PLD – Personal listening device  
dB HL – Hearing level decibel  
NRSA – Noise reduction statistic for A-weighting  
KABBE – Knowledge, attitude, beliefs, behaviors, and experiences  
ANSI/ASA – American National Standards Institute/Acoustical Society of America 















1. Categorical Classifications of Noise-Induced Hearing Loss…………... 6 
 
2. The Mean Noise Exposures, Duration of Exposure, and Daily Noise 





3. Number of Participants by Venue Type……………………………..….. 36 
 
4. Demographic Reported from the KABBE Pre- and Post-Questionnaire.. 45 
 










7. Descriptive Statistics of the YANS Likert Score…………………..……. 49 
 
8. Score of the YANS in Quartiles………………………..……………….. 50 
 
9. Analysis of Change in YANS Pre- and Post-Use of Hi-Fidelity  




10. Descriptive Statistics of the BAHPHL………..………………………… 52 
 
11. BAHPHL Scores Reported in Quartiles……………………………..….. 53 
 

















Analysis of Mean Changes in Knowledge, Attitudes, Beliefs, Behavior 






16. Descriptive Statistics of Scores on Tinnitus Handicap Inventory...……… 59 
 
17. Tinnitus Handicap Inventory Scores and Grading Outcomes……………. 60 
 
18. Compared Average Responses for YANS across Multiple Studies……… 65 
 
19.  Compared Average Responses for BAHPHL across Multiple Studies…... 67 
 
20. Mean Comfort Index Comparison……………………………...………… 72 
 














  1. Screenshot of Brief Educational Video, “Proper Ear Plug Insertion”........ 41 
 
2. Percentage of Participants Reporting Participation in Noisy Activities on 




3. Sample Text Message Received from Participant During Data  



















 Many individuals work in noise-hazardous environments without understanding 
or recognizing the potential dangers of such behavior to their hearing. Restaurant, bar, 
and club environments may host live music performances and expose workers to high 
level sound, thereby potentially putting the workers at risk of noise-induced hearing loss 
(NIHL). This risk may be the result of a lack of understanding about hazardous sound 
exposure and NIHL as well as an unawareness in terms of recognizing tinnitus as an early 
warning signal for permanent hearing loss.  
 Noise-induced hearing loss is a predominantly work-related injury. According to 
the Bureau of Labor Statistics (2015), up to 72% of all work-related “illnesses” arise 
from hearing loss, and the Centers for Disease Control and Prevention (CDC) (CDC, 
2013) reported that approximately 4,000,000 workers are employed in hazardous noise. 
This preponderance of affected workers in the United States emphasizes a demand for 
appropriate hearing protection and instruction to be delivered to employees from all work 
sectors. 
In addition to NIHL, hazardsous noise exposure may cause tinnitus, hyperacusis, 
or a temporary threshold shift. Tinnitus is a ringing or buzzing in an individual’s ear, 
particularly noticeable in quiet environments. For some, tinnitus may become detrimental 
enough to impact daily life. Tinnitus is an early sign of noise-induced damage and often 
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occurs in conjunction with sensorineural hearing loss (Griest & Bishop, 1998; 
Searchfield, 2014). Additionally, hyperacusis is an increased sensitivity to loud sound, 
often leading to a painful reaction to loud sounds in patients, and a temporary threshold 
shift is a hearing threshold decrease experienced after hazardous exposure. In a study 
conducted by Ramakers, Kraaijenga, Cattani, van Zandanten, and Grolman (2016), of 51 
participants, 8% of participants wearing hearing appropriate hearing protection to a music 
festival experienced a temporary threshold shift, while 42% of participants not wearing 
hearing protection devices (HPDs) experienced a shift. 
While government programs have been enacted to deliver the appropriate 
knowledge and materials to protect workers, it may not be legally necessary for an 
employer to comply. The Occupational Safety and Health Administration (OSHA) 
requires that larger-scale work settings must instate a hearing conservation program and 
keep records of employee thresholds and training completion (OSHA 29 CFR1910.95, 
1983). Any workplace with more than 11 employees is considered large scale, which may 
exclude smaller music venues. If the music venue has less than 11 employees, the 
delivery of appropriate training and hearing protection is not legally required, leaving 
many employees potentially at risk of hearing loss. In this case, employees are left in 
charge of learning about the auditory risk, protecting themselves, and advocating for 
employer-based hearing loss prevention programs. 
 Music venue workers are frequently exposed to hazardous noise during their work 
shifts. In a study conducted by Santos et al. (2007), 30 nightclub disc jockeys (DJs) wore 
dosimeters during their shift and were exposed to A-weighted sound pressure levels 
(SPL) ranging between 93.2 to 109.8 decibels A-weighted (dB A). Additionally, Sadhra, 
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Jackson, Ryder, and Brown (2002) collected data from music venue workers wearing 
noise dosimeters and found an A-weighted peak level of 124 dB A and mean exposures 
up to 94.2 dB A. 
 While hearing protection may be offered in a workplace, that does not predicate 
an appropriate use by employees. There are multiple factors and beliefs that direct the 
behavior of employees towards HPDs and whether they employ HPDs during workplace 
noise exposure. McCullagh, Lusk, and Ronis (2002) found that peer and family support 
impacted the likelihood that an employee would wear hearing protection, while Brady 
and Hong (2006) found that the “workplace climate” towards hearing protection affected 
use. Alternatively, the inability to communicate while using hearing protection or a lack 
of comfort may also direct an employee’s behaviors (Byrne, Davis, Shaw, Specht, & 
Holland, 2011; Tantranont et al., 2009). An assortment of hearing protection types and 
acoustic designs have been developed to address these issues reported by employees. 
While conventional forms of hearing protection, such as foam inserts or earmuffs, 
may reduce the ability to communicate or appear ostentatious, high-fidelity “musician’s” 
ear plugs provide an alternative. Musician’s ear plugs, such as Etymotic ER-20 
ETY•Plugs®, are considered high-fidelity, flat-attenuation hearing protection. In an 
article published by Etymotic, flat attenuation is defined as “an equal reduction in sound 
across frequency,” by including an open-ear resembling resonant peak (Niquette, 2007, p. 
44-45). These ear plugs, often low profile and aesthetically discreet, reduce the signal by 
approximately 20 decibels (dB) across 125-8,000 Hertz (Hz) without affecting sound 
quality (Etymotic, 2016). This grants employees the ability to continue to communicate 
with patrons and colleagues, but also protect themselves from hazardous sound levels. 
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Additionally, research suggests the use of this style of ear plug in music settings reduces 
post-exposure tinnitus and temporary threshold shifts (Ramakers et al., 2016). The use 
and acceptance of high-fidelity hearing protection by workers employed at small-size 
music venues has not been explored in the research literature related to occupational 
health and hearing loss prevention. 
Purpose 
 The purpose of this study was to understand and measure the knowledge, 
attitudes, beliefs, behaviors, and experiences of music venue workers before and after 
wearing high-fidelity, flat-attenuation musician ear plugs at work. Following ear plug 
use, the comfort level perceived by music venue workers was additionally assessed.  
Research Questions and Hypothesis 
 
 The following research questions and hypothesis were addressed.  
  
Q1 How do knowledge, attitudes, beliefs, experiences and behavior change 
after wearing musician ear plugs for five work shifts in a small music 
venue?  
 
H1 There will be no change in knowledge, attitudes, beliefs, experiences 
and behavior regarding the use of musician ear plugs. 
 
Q2 Are there changes in the Youth Attitudes to Noise Scale (YANS), Beliefs 
about Hearing Protection and Hearing Loss (BAHPHL) Scale and the 
Tinnitus Handicap Inventory after wearing hi-fidelity hearing protection 
for five work shifts in a small music venue?  
 
Q3 How do music venue workers score on the Hearing Protector Comfort 












REVIEW OF THE LITERATURE 
 
 
Auditory Risks of Noise Exposure 
 
 Excessively loud noise poses a health concern to the auditory system, especially if 
exposure is chronic. Noise-induced hearing loss may be attributed to a sudden blast or 
repeated exposure to high levels of hazardous sounds. In addition to hearing loss, 
listeners may experience a ringing in their ears known as tinnitus, or an increased 
sensitivity to sound, known as hyperacusis. Noise-induced hearing loss can be further 
organized into different types. 
 Nair (2014) listed and defined three categories of NIHL based on setting, 
occurrence, and reason (Table 1). Hazardous sound exposure in music venues may be 
categorized as “socioacusis” for attendees/patrons and “occupational noise-induced 
hearing loss” for workers at the same venue. Additionally, these workers may also have 
socioacusis from other recreational noise exposures. Rarely can NIHL be segregated into 






Categorical Classifications of Noise-induced Hearing Loss 




Permanent hearing loss caused by a 
high-amplitude impact or impulse 
noise, such as from an explosion 
 
Occupational noise-induced hearing loss Permanent hearing loss caused by 
occupational noise exposure 
 
Socioacusis Permanent hearing loss caused by 
exposure to non-occupational noise, 
such as a concert 
 
 
Auditory Effects of High-Level  
Music Exposure 
 
 Noise-induced hearing loss manifests as a result of the damage to the cochlea and 
auditory pathway due to high levels of hazardous sounds. While NIHL may be initiated 
by a single impulse noise, such as fireworks, it can also be incited by continuous 
exposure over-extended time frames.  
 The cochlea is a fluid and membrane-filled organ housed inside a labyrinth within 
the tempora bone and is responsible for transmitting auditory signals to the brain. Within 
this membranous portion are several structures, including the Organ of Corti housing the 
inner hair cells, outer hair cells, perilymph and endolymph fluid, the basilar membrane, 
and the auditory nerve. In between hair cells and auditory nerve fibers are synapses that 
have glutamate receptors on both pre- and postsynaptic sides of the cell. Glutamate may 
be neurotoxic if released excessively or incompletely recycled, as occurs during 
excitotoxicity. Excitotoxicity may occur during anoxia (lack of oxygen) or noise trauma. 
If high-level sounds enter the cochlea, the noise may permanently damage these hair cells 
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due to overproduction of glutamate (Pujol & Puel, 1999). Recent research in animals also 
suggested that there may be primary and secondary synaptopathy from high-level noise 
exposures (Kujawa & Liberman, 2015). 
 Temporary hearing loss, or a temporary threshold shift (TTS), may occur 
immediately after being exposed to loud sounds. A TTS may be accompanied by a 
temporary or permanent ringing in the ear known as tinnitus. Temporary threshold shifts 
and tinnitus are common after-effects of high-level noise exposure (Ramakers et al., 
2016). A TTS affects the hair cells’ ability to properly respond to a stimulus. This 
includes temporary hearing loss and tinnitus that often subsides after a few hours to days. 
Permanent hearing threshold shifts occur after continuous, long-term unprotected 
exposure to high-level sounds.  
Occupational Hearing Loss 
 According to the CDC (2013) and the United States Department of Labor (2011), 
approximately 4 million employees work in hazardous noise, and 22 million employees 
are exposed to potentially hazardous noise each year. Noise exposure is most prevalent in 
the Manufacturing Sector (including Beverage and Tobacco production, Food, and 
Chemical) (CDC, 2013). According to the Bureau of Labor Statistics, 72% of all 
generalized “occupational illness" reports are related to occupational hearing loss (2015). 
Workplace Health and Safety  
Regulations 
According to the OSHA (1983), individuals that are exposed at or above 85 dB A 
for eight hours a day, five days a week, over 40 years may be at risk of NIHL. All 
employers must provide a workplace free from recognized hazards that are causing, or 
are likely to cause, death or serious physical harm regardless of the size of the business. 
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Employers with over 11 employees are required to implement a hearing conservation 
program (OSHA, 1983). Smaller venues employing less than 11 individuals have partial 
exemption and are not required to provide HPDs or a hearing-loss prevention program to 
workers. Additionally, employers do not need to keep OSHA injury and illness records 
when less than 11 workers are employed. This leaves the task of understanding the risk of 
NIHL and the need for hearing protection to the employee, or a motivated employer 
interested in voluntarily protecting the hearing of their workers. 
Risk of Noise-Induced Hearing 
Loss from Music Exposure 
Individuals employed in the music industry face dangerous loudness levels. 
Santos et al. (2007) examined the music exposure and hearing thresholds of 30 DJs in 
five different clubs. The hearing thresholds of each DJ was tested after experiencing 
minimal noise exposure for at least 12 hours prior. Twenty-one DJs were given a Bruel 
and Kjaer© noise dosimeter to wear to monitor sound pressure levels while working. The 
hearing thresholds of the DJs were tested after a work shift. Additionally, otoacoustic 
emissions (OAEs) were measured. Santos et al. (2007) observed statistically significant 
hearing threshold differences between pre- and post-noise exposure bilaterally. 
Additionally, there was a significant difference observed in transient evoked OAEs 
(TEOAEs) and distortion product OAEs (DPOAEs) bilaterally between pre- and post-
noise exposure in DJs. Mean sound levels recorded by the dosimeter during the DJs’ 
work shift ranged between 93.2 dB A to 109.8 dB A. The DJs frequently complained of 
post-noise exposure hearing loss and tinnitus, bilaterally, suggesting cochlear damage. 
Temporary threshold shifts occurred in all tested frequencies, particularly 3,000 Hz to 
6,000 Hz. The hearing loss associated with these results indicate a need for hearing 
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protection use and a greater understanding of strategies to promote HPD use in music 
venue settings. 
 Halevi-Katz, Yaakobi, and Putter-Katz (2015) interviewed 44 musicians using the 
Pop/Rock/Jazz Musician’s Questionnaire (PRJMQ) to attain self-reported symptoms of 
hyperacusis and tinnitus and use of hearing protection. Additionally, the air-conduction 
thresholds of these musicians were tested between 1,000 Hz and 8,000 Hz. Using a 
Pearson correlation test, Halevi-Katz et al. (2015) found that the duration of exposure to 
loud music was not related to hearing protection use, but that more musical experience 
had a positive correlation with hearing loss between 3-6 Kilohertz (kHz). Statistically 
significant positive correlation was reported in the left (r (39) = .46, p = .002) and right (r 
(39) = .47, p = .002) ears. Musical experience was determined by multiplying the number 
of hours the musician played weekly by the number of years spent playing the 
instrument. Additionally, there was a significant positive correlation between the extent 
of music exposure and self-reported tinnitus and hyperacusis. The longer the music 
exposure, the more frequently the musicians reported auditory symptoms. 
 Due to the nature of the profession and diverse work schedules, musicians are 
faced with irregular and unpredictable noise exposure. To mitigate associated hearing 
loss within this group, the National Institute for Occupational Safety and Health (NIOSH, 
2015) recommended monitoring the level and duration of exposure to musical sound, 
playing music at a quieter level whenever possible, having an annual hearing evaluation, 
wearing hearing protection as appropriate, and allowing ears rest when possible. 
Additionally, employers should be educating musicians and any employee involved in the 
music industry on correct use of hearing protection, developing a proprietary hearing 
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conservation program including annual evaluations, encouraging participation, and 
monitor own exposure. 
Noise-Induced Tinnitus 
  Ringing in the ear, known as tinnitus, is a common symptom of noise-induced 
hearing loss. Tinnitus may range from very quiet and barely noticeable to a very 
distracting ringing for patients. Tinnitus is also an early warning sign of impending noise-
induced hearing loss (Griest & Bishop, 1998). Tinnitus is an increased, spontaneous 
activity occurring in the 8th cranial nerve beginning with damage to the hair cells within 
the cochlea. Additionally, tinnitus often occurs in patients with sensorineural hearing loss 
(Searchfield, 2014). 
 Gilles, De Ridder, Van Hal, Wouters, Kleine Punte and Van de Heyning (2012) 
enrolled 145 participants, ages 19 to 26, in a research study to find the prevalence and 
duration of tinnitus that occurred after listening to music at unsafe listening levels. A 
questionnaire was given to survey tinnitus loudness perceptions using the Visual 
Analogue Scale of tinnitus. The tinnitus questionnaire was modeled after the Youth 
Attitude to Noise Scale (YANS). Participants were also surveyed regarding hearing loss 
experienced after music listening. Survey topics included asking if tinnitus was 
permanent, if the participant’s hearing sensitivity decreased, and the frequency of 
attendance to music clubs. In addition to this questionnaire, the participants’ attitudes 
toward hearing protection were investigated as well. Twenty-one participants (14.7%) 
reported experiencing permanent tinnitus in one or both ears, and 17 of these 21 
participants (80.95%) reported the tinnitus as “barely detectable.” Temporary tinnitus 
after loud music exposure was reported by 89.5% of the participants; additionally, 66.2% 
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reported experiencing subjective temporary hearing threshold shifts. While 33.1% of 
participants reported visiting music clubs daily, 66.4% of participants reported never 
fearing permanent tinnitus. The authors found that a peer’s influence and behavior 
towards wearing hearing protection in noisy environments was most influential upon the 
use of hearing protection in participants.  
Service Workers Exposed to Music 
 
 There are different roles and jobs involved in music-venue work. These jobs may 
expose individuals to dangerous music levels while working. The U.S. Department of 
Labor (2011) described the following jobs associated with music: 
● Sound engineering technicians: Set up and maintain equipment for musical 
production, particularly with concerts, soundtracks, or radio programs. 
● Audio and video equipment technicians: Handle placement of monitors and 
sound speakers and control soundboards to control volume and music quality. 
● Broadcast technicians: Utilize transmitters to broadcast radio and television 
programs. 
● Musicians and singers: Perform live, possibly amplified music for an 
audience, may record music. 
● Sound engineering technicians: Will use software to record, mix, and edit 
music, often played back through loudspeakers or headphones. 
● Security/bouncers: Monitor the safety of concert attendees and musicians; are 
often exposed to dangerous levels of sound as they may stand directly in front 
of speakers on stage. 
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● Food preparation workers: Prepare cold foods, slice meats, brew hot 
beverages, slice vegetables, and other food services under chefs or food 
service managers. 
● Wait staff: Take food and beverage orders and serve customers in dining 
establishments. 
● Bartenders: Mix and serve drinks to customers directly or through wait staff. 
 According to the Bureau of Labor Statistics (2019), as of March 30, 2016, there 
were an estimated 590 musicians and singers currently employed as professionals in 
Colorado. The state with the highest employment of musicians and singers was New 
York at approximately 6,560. There were more amateur musicians across the United 
States. There were approximately 230 sound engineering technicians employed in 
Colorado, and 4,360 were employed in California, the state of highest employment for 
this job. In Colorado, 1,030 audio and video equipment technicians were employed. 
California yielded the highest number of employment for audio and visual equipment 
technicians, with 13,060 employed. The most broadcast technicians were employed in 
California, with 3,950 employed; in Colorado, 700 were employed. In Colorado, there 
were 14,550 bouncers/security guards employed, while California employed the most at 
151,130. Colorado employed 11,210 food preparation workers, while California 
employed the most in the United States at 120,940. The most wait staff were employed in 
California with 268,840 employees, while there were 50,820 employed in Colorado. 
Bartenders’ employment was highest in California at 120,940, while 11,210 were 
employed in Colorado. The prevalence of food preparation workers, wait staff, and 
bartenders specifically working in music venues is unknown. The United States Census 
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Bureau (2019), as of July 1, 2018, reported 5,695,564 residents in Colorado, 19,542,209 
residents in New York state, and 39,557,045 residents in California  
Sound Exposure in Music Venues 
 Sadhra et al. (2002) investigated the sound levels in clubs and measured 
temporary hearing threshold shifts occurring in 124 bar staff or employees. Hearing 
thresholds were tested pre- and post-exposure. Additionally, participants were given a 
questionnaire using e-mail, covering the participant’s length of employment, exposure to 
amplified music at work, non-occupational exposure to music, use and knowledge of 
HPDs, and attitudes towards noise levels and hearing loss. Noise dosimeters were given 
to each participant to be worn on a collar, near ear-level, to measure the noise level 
throughout work. Temporary threshold shifts were recorded and analyzed using a one-
way analysis of variance (ANOVA). Sadhra et al. (2002) found that security personnel 
accrued higher levels of exposure than the bar staff, reaching a peak sound pressure level 
of 124 decibels sound pressure level (dB SPL). The mean daily personal noise exposure 
(LEP,d) was 87.7 dB A for bar staff and 93.7 dB A for security; the mean equivalent 
sound level (Leq) for bar staff was 89.8 dB A over a mean sampling time of 310 minutes 
and 94.2 dB A over a mean sampling time of 345 minutes for security. Furthermore, 29% 
of the subjects had at least moderate hearing losses in either high or low frequencies. 
There is a need for employee training and knowledge for hearing loss risks. Additionally, 
there is a need to equip individuals with hearing protection and an appropriate knowledge 
of proper use of HPDs in individuals exposed to excessive noise levels. 
 Barlow and Castilla-Sanchez (2012) measured noise exposure levels in small 
music venues (300-500 capacity) to analyze the noise exposure affecting different 
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employee roles in music venues. Thirty employees were subdivided into three groups: bar 
and catering, technical staff, and security staff. Each employee was given a questionnaire 
to measure their understanding of and compliance with hearing protection use. They also 
wore a dosimeter to measure personal noise exposure over a six-month period. Barlow 
and Castilla-Sanchez found that 70% of all staff exceeded daily noise exposure limits as 
recommended by OSHA. None of the bar and catering staff employees reported using 
hearing protection, and 50% of this group exceeded daily noise exposure limits. Of the 12 
technical staff, only the lighting engineer and stage engineer used hearing protection. Of 
this group, 84% employees were exposed to excessive noise. Of the security staff, 3 of 5 
employees were exposed to excessive noise, and only 1 reported use of hearing 
protection. The mean noise exposures, duration of exposure, and daily noise exposure at 
eight hours can be seen in Table 2. On the questionnaire, over 85% of the employees 
reported tinnitus, and 50% were classified as having a hearing threshold shift (self-
reported as “muffled hearing” or a “reduction in hearing level”). Additionally, 55% of 
employees reported not believing hearing protection was available at the venue, and 70% 
of staff reported never using hearing protection. A total of 61.5% of staff reported 
previous knowledge about the effects and dangerous of excessive noise exposure at work; 
55% reported that HPDs were not available in the venue, and 70% of staff reported never 
using HPDs. Barlow and Castilla-Sanchez stated that there is a lack of concern for 
employee safety in music venues. The venues in this study advertised positive publicity 
































Bar and catering Bar staff 87.8 3:38 84.4 126.8 
Bar and catering Bar staff 91.1 4:49 88.9 125.8 
Bar and catering Bar staff 92.0 4:05 89.1 129.8 
Bar and catering Bar staff 92.1 3:06 88.0 133.7 
Bar and catering Bar staff 86.4 3:41 83.0 128.6 
Bar and catering Bar staff 74.9 4:16 72.2 124.5 
Bar and catering Bar staff 81.1 4:18 78.5 127.7 
Bar and catering Bar staff 99.0 5:52 97.7 131.7 
Bar and catering Bar staff 94.0 5:25 92.3 128.6 
Bar and catering Bar staff 91.5 4:32 89.0 127.4 
Bar and catering Bar staff 90.9 4:33 88.4 133.7 
Bar and catering Bar manager 98.7 7:44 98.5 135.5 
Technical staff Venue manager 93.0 6:18 91.1 128.9 
Technical staff Sound engineer 93.8 5:02 91.8 131.9 
Technical staff Sound engineer 95.3 6:58 94.7 130.1 
Technical staff Sound engineer 93.6 6:57 93.0 130.0 
Technical staff Sound engineer 100.4 3:29 96.8 132.2 
Technical staff Sound engineer 99.8 6:28 98.9 141.9 
Technical staff Sound engineer 89.8 7:33 89.6 131.0 
Technical staff Sound engineer 97.8 7:51 97.7 132.2 
Technical staff Sound engineer-artist 93.5 4:45 91.2 131.8 




















































Door staff 74.4 3:55 71.3 117.6 
Note. Noise exposure of staff by venue and occupation. Adapted from “Occupational noise exposure and regulatory 
adherence in music venues in the United Kingdom,” by C. Barlow and F. Castilla-Sanchez, 2012, Noise & Health, 
14(57). 
 
Live Music Venues 
 There are multiple considerations when designing different music halls, as 
explained by Adelman-Larsen (2014). Low ceilings may amplify the signal from the 
stage and direct it towards the front audience, making it too loud for people on stage and 
in the front and too quiet for people in the back. Low ceilings heighten the likelihood for 
standing waves and may create acoustic feedback, as the public-address system (PA 
system) draws closer to the microphone on stage. Ceiling heights between 6 and 10 m 
provide adequate coverage for speakers with audiences of 500 to 1,800 people. 
Additionally, constructing an absorptive ceiling may help mitigate this unequal sound 
distribution. Low ceilings coupled with long halls may increase the likelihood for hearing 
loss to occur, particularly for those seated in the front of the venue. Sudden, loud sounds 




 There are most recently reported 345 live music venues of varying sizes and 
locations listed in Colorado (Events in Colorado, 2014). Reynolds (2008) listed 10 types 
of venues: (a) a bar or pub, holding 20-80 people that holds two to three shows per week; 
(b) music bar or pub, allowing 81-300 people that holds five to seven shows per week; (c) 
a music venue, with a 301-1,000 capacity that holds four to seven shows per week; (d) a 
theatre or large club, holding 1,000-2,000 people that holds four to six shows per week; 
(e) a large theatre, allowing 2,001-5,000 patrons that holds three to four shows per week; 
(f) a shed, or amphitheater with seats and open areas, allowing 5,000-15,000 attendees 
that holds three to four shows per week; (g) a large hall, holding 5,001-10,000 people that 
holds one to three shows per week; (h) an arena, allowing 10,001-30,000 people that 
holds one to two shows per week; (i) an outdoor field or festival site, allowing 25,000-
50,000 people that holds one seasonal show; or (j) a stadium, holding 25,000-100,000 
people that holds one seasonal show. Sound levels would be expected to vary as a 
function of venue size and characteristics.  
Hearing Protection Devices 
 
 There are different styles of hearing protection to fit multiple needs, such as 
inserts, over-the-ear (or “supra-aural”), semi-insert, and custom fit. Insert styles include 
foam ear plugs, custom-molded ear plugs, and rubberized ear plugs with flanges, while 
over-the-ear styles are muff protectors. Semi-fit styles are foam or rubberized ear plugs 
attached to a headband, worn similarly to earmuffs. Some individuals may choose 
reusable molded ear plugs customized to fit their particular ear canal, or they may opt to 




 Alam et al. (2013) conducted a study to find the mean attenuation as a function of 
test frequency for two different HPD styles. Using 10 subjects with normal hearing, each 
participant was given a set of insert ear plugs and a set of earmuffs. Four test stimuli 
(warble tone, narrow-band noise, speech noise, and white noise) were presented (center 
frequencies of 250-1,200 Hz for warble and narrow-band noise) to each participant while 
wearing the different styles of HPDs. The attenuation factor was measured using Real Ear 
Attenuation at Threshold (REAT). The authors found that insert ear plugs attenuate more 
for low and high frequencies, while earmuffs attenuate best at mid frequencies, 
particularly for warble tone and narrow band noise. Additionally, ear muffs attenuate for 
speech and white noise (Alam et al., 2013).  
 In addition to the amount that different styles attenuate, there are different 
methods of attenuation. Passive attenuation, seen in foam insert ear plugs, attenuates 
sound in a linear fashion. While this is beneficial as high-intensity sounds may be 
attenuated to a safer listening level, this may block out lower intensity noises, such as 
voices (Beemer, Greene, Argo, Meegan, & Tollin, 2015). Alternatively, some HPDs offer 
a passive attenuation that attenuates in a non-linear fashion. Some insert ear plugs have a 
passive vent placed that limits the passage of high-intensity sounds, impeding the 
soundwave. This allows for conversational levels to be heard, while protecting the user 
from unsafe listening levels. This non-linear fashion may also be applied to actively 
attenuating ear plugs, which offer an electronic component to mitigate these high 
intensity signals by cancelling the signal. A competing signal is presented 180o out of 
phase, effectively cancelling the signal for low-frequency sources. These HPDs offer the 
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wearer access to lower intensity signals, such as speech, when worn in the presence of 
low frequency noise sources (Beemer et al., 2015). 
Factors Influencing the Performanceand Use of 
Hearing Protection in the Workplaces 
 
 There are multiple factors associated with the choice to use hearing protection and 
whether individuals opt to use them consistently. Several factors have been identified as 
having an influence on the use of hearing protection in the workplace. These included 
peer and family support (McCullagh et al., 2002), a lack of comfort or inability to 
communicate (Byrne et al., 2011; Tantranont et al., 2009), and workplace climate (Brady 
& Hong, 2006). 
Social and Peer Influence 
 McCullagh et al. (2002) used 139 participants to investigate the factors 
influencing farmers use of hearing protection. The authors noted that, in an agricultural 
profession, most farmers are exposed to hazardous noise sources from their use of 
tractors, saws, and other heavy machinery. McCullagh et al. hypothesized NIHL is 
particularly prevalent in this group and that the use of hearing protection is low. 
McCullagh et al. used a modified Pender Health Promotion Model to measure cognitive 
and affective factors at a midwest regional farm show. In this study, the farmers reported 
using hearing protection 17% of the time when around noisy settings, while 55% reported 
never using protection. The farmers also disagreed with self-efficacy statements, stating 
the general population rarely uses hearing protection and proper use of hearing protection 
isn’t encouraged by family or peers. The farmers reported that their family, interpersonal 
relationships, and other farmers didn’t promote the use of hearing protection, and the 
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authors believed that this, in addition to lack of experience with hearing protection, may 
be a reason for less usage for farmers (McCullagh et al., 2002). 
Comfort 
 In a 2005 study conducted by NIOSH, 228 local metal workers were selected to 
test semi-custom ear plugs in the workplace. The NIOSH separated employees into three 
groups: group A was fit with a custom-molded ear plug; group B was fitted with hearing 
protection readily available in the plant and directly instructed on proper use; and group 
C was given hearing protection readily available in the plant and not given direct 
instruction. Group C was given one of five types of ear plugs: Howard Leight™ 
AirSoft®, North Safety Products DeciDamp ™, Howard Leight™ Max-Lite®, Moldex™ 
Pura-Fit®, and the Howard Leight™ Quiet® Ear Plug. In the beginning of the first 
session, each participant completed a hearing health questionnaire; and at the beginning 
of each of the four sessions, a beliefs and attitudes questionnaire was filled out. 
Additionally, participants were given a Comfort Survey. This comfort survey included 
participant perception of comfort, evaluated on a 5-point scale and use of 14 different 
word pairs, including adjectives such as “painful” and “painless” or “comfortable” and 
“uncomfortable.” The NIOSH returned to the plant four times over the course of 12 
months to measure the beliefs and attitudes of employees, performance, and use of the 
hearing protection. Employee hearing evaluations were conducted at the first and last 
visit. During each of the visits, using the Michael & Associates, Inc. FitCheck™ system, 
hearing protector attenuation was assessed for each participant. Attenuation values were 
gathered using the REAT (Real Ear Attenuation at Threshold) method. Using an analysis 
of covariance (ANCOVA) for the Comfort Questionnaire results, Group A (custom fit ear 
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plugs) reported significantly higher comfort scores than Group B or C; however, the 
change over the year was not statistically significant. Employees preferred more 
protection than necessary to reduce noise exposure in the workplace, particularly foam 
ear plugs. Of the different styles of hearing protection offered, custom hearing protection 
provided up to 62% of workers with adequate protection, while other styles only provided 
30% of employees with adequate protection. According to NIOSH, ear plug fit testing 
(REAT) should be regularly included by the facility to verify adequate and appropriate 
HPD use by the employees (NIOSH, 2005). 
Communication 
In a study conducted by Byrne et al. (2011), a correlation was drawn between 
comfort and the attenuation, or ability to reduce the sound level for the user, of a HPD. 
The authors included 23 subjects that were not regular HPD users, as they reported use on 
less than six occasions in six months prior. The subjects’ hearing thresholds were normal 
between 125-8,000 Hz. Additionally, using the Michael & Associates, Inc. FitCheck™ 
system, subjects were given an occluded hearing test using both 3M™ E•A•R™ 
Classic™ roll-down foam ear plugs in one ear and Joe's Ear Plugs™ fitter-formed ear 
plugs in the other. Subjects wore the ear plugs for one hour total to provide sufficient 
experience to answer two questionnaires, one per ear plug, regarding comfort. Data from 
the questionnaires and the unoccluded/occluded hearing evaluations were analyzed in 
Strata. As level of comfort increased per ear plug, there was a correlated increase in 
attenuation. The authors found no significant difference in reported comfort or difference 
of attenuation between the roll-down E•A•R™ Classic™ ear plugs and the fitter-formed 
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Joe's Ear Plugs®, but found that correct insertion yielded higher attenuation and higher 
reported comfort scores. 
Workplace Climate 
 Brady and Hong (2006) found that hearing conservation program participation 
increases the likelihood of use of HPDs in noisy settings. Construction workers (n = 652), 
ages 20 to 63 years, participated in hearing conservation programs and were given a 
questionnaire that included a self-efficacy scale regarding their use of HPDs. The 
questionnaire also included a Work-Climate Scale, a Self-Efficacy Scale, an Outcome 
Value Scale, and Outcome Expectancy Scale. The Outcome Expectancy Scale 
represented the participants’ perceptions about benefits from wearing hearing protection. 
The Outcome Value Scale included five items to measure the participants’ perception of 
the importance of HPD use and resulting outcomes. The relationship among key study 
variables, using the Pearson product-moment bivariate correlate, was statistically 
significant and positive. Key study variables were work climate, self-efficacy, outcome 
expectancy, and outcome value. Participants reported that they used HPDs 49% of the 
time. A significant difference was found for hearing protection use between workers in 
supportive environments than those in non-supportive environments; however, the mean 
HPD use in this supportive environment was only 60% use. Supportive environments 
included coworker support of wearing HPDs in the workplace and an accessible, 
adequate supply of HPDs offered. Bivariate linear regression revealed a positive 
relationship between a supportive/unsupportive work environment and HPD use--the less 
supportive an environment, the less workers used HPDs. Participants in a non-supportive 
environment reported 38% use and that a lack of time and resources to use HPDs affected 
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their use. Additionally, hierarchical multiple regression was used to enter independent 
predictor variables into the system, including work climate, self-efficacy, training of HPD 
use, and outcome expectancy and values. Unsupportive work environments may require 
more hearing-conservation programs. 
Training 
 Toivonen, Paakkonen, Savolainen, and Lehtomaki (2002) conducted a study using 
54 participants to understand if training for proper insertion of hearing protection allows 
for best attenuation. In this study, 54 participants were divided into two groups. The first 
group was trained on correct HPD insertion, given a lecture, and the ability to practice 
insertion. The second group was not given formal training and was only given hearing 
protection. Using the microphone in real ear (MIRE) method, the mean attenuation for 
the untrained group was only 21 dB A; alternatively, the mean attenuation for the trained 
group was 31 dB A. The authors stated that proper training allows for the most 
attenuation to be achieved with hearing protection.  
 In a study conducted by Beach, Nielsen, and Gilliver (2015), 51 participants ages 
20-30 were included to understand what factors elicited the response of using hearing 
protection in young adults. The authors postulated that as the responsibility to ensure 
hearing protection occurs is placed on the individual exposed, most individuals opt to 
ignore the dangers of noise exposure. Participants were given a survey regarding 
understanding of noise exposure, use of hearing protection, and attendance of music 
venues. Additionally, participants were split into two groups and were given a set of flat-
attenuation ear plugs specifically designed for music exposure and a brief demonstration 
on proper insertion. The second group was given additional information of the risks of 
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noise exposure, including a 3-minute presentation, a brochure, a tinnitus simulation, and a 
link to a noise-reduction campaign site. Participants were later given online surveys 
questioning their recent attendance to concerts and hearing protection use. Four weeks 
after the initial information was given, the second group reported higher use of hearing 
protection than the group that only received hearing protection; however, after 16 weeks, 
there was no discernible difference found in reports of usage (Beach et al., 2015). 
Availability 
 Cha, Smukler, Chung, House, and Bogoch (2015) conducted a study using two 
music venues in Minnesota to examine the usage of HPDs by patrons when they were 
provided at no charge to attendees at the venue entrance. Using no intervention or 
additional information, a sign advertising free 3M 1100 foam ear plugs was displayed at 
the entrance of venues targeting crowds of 150-300 attendees before six different shows. 
During each show, two study personnel counted attendees wearing any HPDs and 
recorded the gender of the attendee. A total of 955 individuals were observed for HPD 
use in six different shows. Using a bivariate chi-square analysis, the authors found HPD 
use increased from 1.3% to 8.2% when foam insert ear plugs were provided for free 
versus providing no ear plugs. The authors stated that distributing HPDs at music venues 
may serve as an inexpensive and simple intervention to protect attendees’ hearing (Cha et 
al., 2015). 
Hearing Protection for Music Listening 
 
High-Fidelity Ear Plugs 
 There are specific styles of hearing protection designed for music performance 
and/or attendance. These ear plugs are designed as high-fidelity, flat-attenuation inserts 
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that keep the acoustic quality and integrity of the live music. Flat-attenuation ear plugs 
are available in a pre-formed sized flanged ear plug or can be made into a custom ear 
plug with interchangeable filters for different amounts of attenuation. Although there are 
several commercial brands of high-fidelity ear plugs, Etymotic Research Inc. was the first 
to commercialize a high-fidelity ear plug, which have been used in numerous research 
studies (Chasin & Behar, 2003; Huttunen, Sivonen, & Poykko, 2011; Murphy, Flamme, 
Meinke, Finan, Lankford, Khan, & Stewart, 2011; Plyler & Klumpp, 2003; & Santucci, 
2009). Etymotic’s ER-20 ETY•Plugs® flanged ear plugs include a damper, tuned 
resonator, and sealing ring to provide an approximately equal sound reduction of 20 dB 
across 125 Hz to 8,000 Hz without altering sound quality. In contrast, foam ear plugs 
differentially reduce frequencies by approximately 45 dB and squelch music (Etymotic, 
2016). According to Tufts, Palmer, and Marshall (2012), measured under both circum-
aural and supra-aural headphones using the REAT, foam ear plugs attenuate the most in 
the high frequencies (1,000 Hz–4,000 Hz) and less in the low frequencies (125 Hz–500 
Hz). Custom musicians’ ear plugs are designed with inter-changeable filters that provide 
varying degrees of flat-attenuation: 9 dB, 15 dB, and 25 dB.   
 In a study conducted by Huttunen et al. (2011), musicians were given custom 
molded ear plugs with an ER-15 ETY•Plugs® filter and a questionnaire. The 
questionnaire data included the duration of the use of the HPDs, what instruments the 
musicians played, the frequency of custom-molded ear plug use, and reasons for non-use 
of ear plugs. The attenuation properties of the ear plugs were measured using the REAT 
measured in sound-field. Musicians were recruited based on low ear plug usage; the 
musicians believed the ear plugs ruined the quality of the music for them and their 
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colleagues. The authors found the mean attenuation to be 13.7 dB SPL and stated that 
promotion of hearing protection is important in helping musicians protect their hearing 
Additionally, the authors found an unwillingness of musicians to wear HPDs, citing no 
single cause to promote this hesitation. 
Effectiveness of Musician  
Ear Plugs   
 
 In 2016, 51 participants were enrolled in a study to test the effectiveness of 
filtered ear plugs in preventing temporary hearing loss after loud music exposure 
(Ramakers et al., 2016). Participants were divided into two groups. Group 1 was given a 
set of MTV™ Soundkeepr filtered ear plugs to use during a 4 hour, 30-minute music 
festival, and Group 2 was unprotected during the same event. Temporary hearing 
threshold shifts after the festival were recorded for both groups. In Group 1, 4 out of 50 
ears (8% of participants) experienced temporary hearing threshold shifts. In Group 2, 22 
out of 52 ears (42% of participants) experienced a TTS. Participants reporting tinnitus 
were asked to rate the level of annoyance on a scale of 0 (very low) to 10 (very high). On 
average, the unprotected group reported a tinnitus annoyance level of 2.5, while the 
protected group reported a mean level of 1. In Group 1, 3 of the 25 participants 
experienced an onset of tinnitus compared to 10 of 25 in Group 2. The authors concluded 
that this evidence supports ear plug use in preventing temporary hearing threshold shifts 





Communication with Musician  
Ear Plugs 
 In a 2003 study by Plyler and Klumpp, 14 females with normal hearing, ages 21-
24, were given the Hearing in Noise Test (HINT). The HINT was administered in sound-
field while the participants were wearing binaural custom fit acoustic HPDs (Etymotic 
ER-15 ETY•Plugs®) and, again, while wearing binaural custom electronic HPDs (Starkey 
SA T9). None of these HPDs had vents and were all completely in-the-canal style. The 
acoustic HPDs were selected due to flat attenuation across all input signals, while the 
electronic HPDs were selected due to properties that compress signals and attenuate 
flatly. The communication ability of the participants while wearing the custom fit 
acoustic HPDs was significantly better than with the electronic HPDs; however, when 
altering the signal presentation level between 75 dB and 90 dB SPL, there was not a 
significant change in communication for the participants with either HPD style (Plyler & 
Klumpp, 2003). 
Hearing Health Promotion 
 
Impact on Quality of Life 
 In 2011, Stephenson and Stephenson worked with NIOSH in response to a request 
for help in developing an appropriate hearing conservation program. A 28-item survey 
was given to 15 focus groups of carpenters, apprentices, and trainers. This survey 
included perceived susceptibility to hearing loss, perceived consequence association with 
hearing loss, perceived benefits of preventative action (including HPD use), problems 
associated with comfort and other perceived barriers, behavioral intentions, self-efficacy, 
and social norms. Stephenson and Stephenson stated that hearing conservation programs 
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must positively influence workers’ behavioral intentions, such as using HPDs in noisy 
environments.  
Knowledge, Attitudes, and Beliefs 
 Warner-Czyz and Cain (2015) investigated the effect of factors such as age, 
gender, and attitudes on participation in acoustic risk-taking behaviors and hearing 
conservation practices in 10 to 19-year-olds. This age group engages in activities with 
high-risk noise, such as concerts and loud music. Using a cross-sectional design, the 
authors asked participants a series of questions regarding involvement in high-risk noise 
activities and their use of hearing protection. Participants were asked the frequency of 
participation and the HPD use in nine specific activities incorporated into the 
questionnaire: (a) personal listening device (PLD) use, (b) lawn mowing, (c) shooting, (d) 
use of 4-wheelers, (e) using firecrackers, (f) attending concerts, (g) attending sporting 
events, (h) power tool use, and (i) playing an instrument. The YANS was included to 
assess the attitudes towards noise in this adolescent population. Most adolescents 
reported involvement in at least one of these activities, particularly PLD use. The use of 
HPDs varied by activity, most consistently used during shooting activities. While age did 
not present an influence, gender did. Males engaged in many more high-risk acoustic 
activities than females. As adolescents aged, their knowledge and attitudes shifted 
towards pro-noise exposure. Pre-teens and adolescents expressed a neutral attitude 
towards noise exposure. Additionally, the perception of hearing protection changed 
throughout different noise-exposure events. While two events may be roughly equal in 
decibel level and individuals may face the same exposure, individuals reported hearing 
protection use differently.  
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 Balany and Kearney (2015) conducted a 44-item survey, given to 2,151 college 
students regarding perceived hearing symptoms, general attitude towards noise exposure, 
and use of HPDs. Approximately 40% of participants reported experiencing at least one 
perceived hearing symptom, with otalgia occurring most frequently. While 80% of 
participants were involved in at least one noisy activity, only 41% reported using hearing 
protection. Participants that reported otalgia and tinnitus were most often involved in 
noisy sporting events. Additionally, participants involved in shooting reported the highest 
use of hearing protection. While the students reported HPD use in noisy events, such as 
shooting, they did not report use in social settings, such as sporting events. Balany and 
Kearney (2015) suggested a need to improve the knowledge regarding the risk of 
hazardous noise exposure in college students.  
 According to Keppler, Dhooge, and Vinck (2015), young individuals often view 
hearing loss as unproblematic, disregarding the dangerous effects of risky behaviors. 
Using convenience sampling, they administered a questionnaire to 163 subjects between 
18-30 years old. This questionnaire included the patients’ current knowledge of hearing 
and noise exposure, an estimation of recreational noise exposure, attitudes towards 
hearing protection and hearing loss, and personal hearing loss symptoms. Additionally, 
participants were given a hearing evaluation and otoscopic examination after a 24-hour, 
noise-free period. Individuals yielding positive attitudes towards use of HPDs had 
hearing thresholds averaging 5-6 dB better than participants with negative attitudes 
towards HPDs. Participants viewing noise as “problematic” also had better hearing 
thresholds than those that viewed noise as “unproblematic.” Hearing thresholds for 
groups with neutral or negative attitudes towards noise recorded thresholds averaging 4-5 
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dB better than the group reporting negative attitudes. The attitudes and beliefs held by 
young adults significantly impacts hearing health, as engagement of risky behavior 
without regard for negative effects indicates a need for hearing conservation programs. 
 In a study conducted by Gilles, De Ridder, Van Hal, Wouters, and Van de 
Heyning (2013), 3,892 14-18 year olds were given a questionnaire regarding prevalence 
of permanent or temporary tinnitus, noise exposures, attitudes towards hearing protection, 
and collected demographic and education information. These students were asked to rate 
their hearing loss, ranking it from 0 (none) to 10. The YANS and the BAHPHL 
questionnaires were also incorporated in the research. These students were also asked to 
report the amount of leisurely noise exposure, evaluating the time as “daily,” “weekly,” 
“monthly, “yearly,” or “N/A”. Males reporteded permanent tinnitus significantly more 
often when compared to female responses. While 18.3% of adolescents reported 
permanent tinnitus, their knowledge of tinnitus or the dangers of noise exposure was low. 
Preventive education should incorporate the dangers of tinnitus, such as the warning-
signal it creates for permanent damage. 
Beach, Williams, and Gilliver (2011) recruited 20 individuals that reported 
frequent HPD use and attended concerts or nightclubs on average once a week from an 
online dance community in Australia. The mean time spent at the venue of choice was 
5.1 hours per week. Each participant was interviewed via telephone about HPD use, 
reason for wearing HPD, attendance to venues, and participant attitude toward noise, 
hearing loss, and HPDs. Participants reported using one of three types of HPDs when at 
venues: disposable foam ear plugs, Etymotic ER-20 ETY•Plugs® ear plugs, or other types 
of “musician’s” ear plugs. Most participants reported the reason they used HPDs was due 
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to previous experience of NIHL symptoms, such as tinnitus or ear pain. These 
participants reported the belief that NIHL is a serious health risk and that loud noises at 
these venues put them at risk for hearing damage. Additionally, most participants 
reported understanding that NIHL was permanent. “Almost half” of the participants 
believed they already had hearing damage due to loud music exposure, while 15 reported 
they felt they were at risk for a hearing loss. Participant beliefs regarding advantages and 
disadvantages of HPDs included cost (the benefit of foam is that they were cheaper 
compared to the other two options), but regarded cost as negligible for the benefit of 
comfort (for musician’s ear plugs). Participants also reported high self-efficacy in 
wearing HPDs, undeterred by peer disapproval or attitudes. Participants were asked their 
impressions of other concert attendee opinions of their HPD use and most responded 
indifferently. This study suggests that concert attendees made aware of the dangers and 
severity associated with loud noise exposure and NIHL were likely to use HPDs and 
understand future ramifications for failure to protect their hearing. 
In 2011, Murphy, Stephenson, Byrne, Witt, and Duran conducted a study to 
explore the effects of training on hearing protection attenuation. Using eight groups of 20 
total subjects, participants were given different methods of instruction and different 
hearing protection. Four different HPDs were tested with two groups each. Methods of 
training included a combination of the following three trials: presentation of a 
manufacturer’s instructions; a short training video specific to the hearing protection; and 
one-on-one training. For each set of HPDs tested, one group was presented with 
instructions in the form of video-written-experimenter and the second group was 
presented with written-video-experimenter instructions. Participants were recruited 
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through newspaper advertisements and compensated for participation. To participate in 
this study, each subject was given a hearing screening and was required to have hearing 
sensitivity thresholds of <25 hearing level decibels (dB HL). The four different HPDs 
were used in this study: Howard Leight™ Fusion pre-molded ear plugs, Moldex™ Pura 
Fit® ear plugs, 3M™ E•A•R™ Classic™ foam ear plugs, and Howard Leight™ AirSoft®, 
pre-molded ear plugs. Training videos used in this study were specific to each brand and 
model of ear plug. Murphy, Stephenson, et al. (2011) used the American National 
Standards Institute/Acoustical Society of America (ANSI/ASA) S12.68-2007 method to 
predict attenuation when ear plugs were worn and calculated the NRSA to estimate the 
confidence levels of the variability in fit and noise levels for each participant. A 3-factor 
experimental design was used to test the effects of the instruction modality, the testing 
order, participant/experimenter interactions, and effects of the products. Attenuation for 
the Moldex™ Pura Fit® were lowest at all frequencies when either video instructions or 
written instructions were presented first. There was a significant improvement in lower 
frequency attenuation between the second trial (video or written instructions presented 
second) and the experimenter trained trial. The data for the EAR Classic trials were 
similarly to the Moldex™ Pura Fit® results, but the group that received video instructions 
before written instructions showed a decrease in attenuation compared to the group 
receiving written instructions first. In the Howard Leight™ AirSoft® trials, the group 
receiving video instructions first had higher attenuation than the group receiving written 
instructions first. The trial testing the Howard Leight™ Fusion HPDs indicated similar 
results between the two groups, but the difference was not considered significant. 




 There are two types of message framing used to promote different desired 
behavioral health outcomes, including “gain-framing” and “loss-framing.” According to 
Gallagher and Updegraff (2012), gain-framing is described as highlighting the benefits 
associated with engaging in a behavior, while loss-framing is using the consequences of 
failure to engage in the desired behaviors. An example of gain-framing includes 
informing a patient that correct use of HPDs can protect their hearing sensitivity while 
exposed to dangerous sound levels, while an example of loss-framing may be alerting a 
patient that failure to properly use hearing protection in these environments will make 
them lose their hearing. Gallagher and Updegraff (2012) conducted a meta-analysis to 
understand the impact associated when promoting positive health behavior with varying 
message framing styles. A literature search was conducted to identify relevant studies by 
either examining the reference lists of previous reviews or mirroring literature searches 
conducted by other researchers. The search was narrowed to 27 relevant articles to 
include in the analysis. Each study needed to meet five criteria: first, they must have been 
published in a scholarly, peer-reviewed journal; second, they must have included 
comparison of gain-framing and loss-framing messages; third, they must represent health 
information for realistic intervention strategies; fourth, they have reported primary data 
analysis; and fifth, they have persuaded participants by behavior, intentions, and 
attitudes, measured subjectively. An effect size was calculated for different measures of 
persuasion and separately analyzed. Each study was also coded for different study 
purposes: (a) the function of the behavior, such as detection; (b) the domain of the 
behavior, such as different types of cancers; (c) the sample sizes of the participants 
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receiving the different messages, ranging between 16 and 6,552; (d) the effect of the 
comparison of the different messages, between loss and gain-framing; (e) the assessment 
timeframe associated; (f) the population age; and (g) the modality of the message, 
including print or video. When analyzing these different sets of data, each study was used 
for up to three effect sizes, and each correlation was converted to a Fisher’s z for analysis. 
The results were converted back into the effect size correlation, r, after analysis. The 
effect of framing on different health messages was analyzed when the persuasiveness was 
determined as “attitudes towards behavior” or “intention to perform the behavior.” 
Alternatively, if persuasive impact was analyzed as behavior, there was a significant 
effect on function, meaning the results of using loss- or gain-framing and behavior 
depended on the function of the desired behavior. The function of a behavior may 
indicate how people perceive risk when performing a particular behavior. When studies 
measured actual behavior after using gain or loss-framing, gain-framed messages were 
significantly more likely to promote preventative behavior than a loss-framed message.  
 Music venue workers are regularly exposed to dangerous noise levels. Employers 
operating music venues may employ small numbers of workers who lack access to formal 
hearing conservation programs. It is unknown if these workers are informed about the 
risk of hearing loss and are familiar with the potential benefits of wearing high-fidelity 
musician ear plugs while working in high level noise environments. This study is 
designed to measure the knowledge, beliefs, attitudes, behaviors and occupational 
















The purpose of this study was to determine the existing knowledge, attitudes, 
beliefs, behaviors, and experiences (KABBE) regarding hearing protector use in service 
workers in music venues and assess the validity and reliability of the factors that account 
for any changes in the modified YANS (Widen, Holmes, & Erlandsson, 2006), the 
modified BAHPHL (Gilles et al., 2013; Stephenson & Merry, 1999; Svensson, Morata, 
Nylen, Krieg, & Johnson, 2004), and the Tinnitus Handicap Inventory (Newman, 
Jacobson, & Spitzer, 1996). A pre-survey was given before delivering a brief video 
demonstration on appropriate HPD use and providing complimentary high-fidelity 
“musicians’” ear plugs for use during five work shifts. A post-survey was given after five 
shifts of hearing protector use to additionally include the Comfort Index (Byrne et al., 
2011). This research was conducted under an approved University of Northern Colorado 
Institutional Review Board (IRB) protocol (Appendix A). Consent forms were completed 
by music venue employees for participation prior to the study (Appendix B). 
Participants and Recruitment 
Small Music Venues 
 The venues were selected based on their size and location. Andy Reynolds (2008) 
described the characteristics of different types of live music venue, seen in Table 3. 
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While Reynolds lists venues as a type of facility that holds 301-1,000 people, the term 
“venue” is used henceforth to discuss each of the three facilities utilized in the study. 
Table 3 
 

















Holds 301-1,000 people; plays 4-7 shows 
per week 
 
B 1 Theatre Holds 1,000-2,000 people; plays 4-6 
shows per week 
 
C 10 Large theatre Holds 2,001-5,000 people; plays 3-4 
shows per week 
 
Note. Adapted from The Tour Book: How to Get Your Music on the Road, by A. 
Reynolds, 2008, p. 76-79. Copyright 2008 by Thomson Course Technology. 
 
Venue managers were contacted and asked to ollaborate with the researcher in 
order to recruit individual partipants. Venues were identified through personal 
connections of the researcher. 
Workers 
Participants aged 18-75 years were recruited for this study through their 
workplace managers and by word-of-mouth of other employees. Individual participants 
worked across three separate small music venues (Venue A, Venue B, and Venue C) 
along the front range in Colorado and created a convenience sample. All participants 
were expected to be proficient in reading and writing in English and have access to the 
internet on their smartphones or through the venue. Employees were recruited based on 
the verbal confirmations that they did not wear ear plugs during work shifts at any venue.  
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Consent for participation in the study and for photograph release was obtained 
prior to participation in the pre-questionnaire. Paper copies of the consent were signed at 
the venues and an electronic copy was emailed to participants to retain for their records. 
Survey Selections and Adaptations 
 Four survey instruments were selected for use with the targeted demographics 
within the study. These included the YANS (Widen et al., 2006), the BAHPHL 
(Stephenson & Merry, 1999), The Hearing Protector Comfort Index (Byrne et al., 2011), 
and the Tinnitus Handicap Inventory (Newman et al., 1996). Some survey questions were 
slightly reworded to better reflect the work environment and relevancy to the participants 
in this study. The modified questions are noted with an asterisk in Appendix C.  
Adaptations 
The YANS (Widen et al., 2006) was reviewed by the researcher and research 
committee to reformat questions to be age- and career-specific. Questions related to 
homework were transitioned to questions about work, and questions related to classroom 
activities were transitioned to questions regarding venue-related activities. The Belief and 
Attitudes Towards Hearing Protectors and Hearing Loss was originally created by 
Stephenson and Merry (1999) for NIOSH. Adaptations were made to the BAHPHL 
(Gilles et al., 2013; Svensson et al., 2004), as questions were originally designed to target 
an industrial demographic. Questions regarding industrial and mechanical work were 
altered to reflect music venue work environment.   
Individual questions were designed and reviewed by the researcher and research 
advisor prior to finalizing the larger comprehensive survey. Committee-designed 
questions were added to the full, modified survey instrument to broaden information 
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collected. These committee-designed questions were included to obtain information 
regarding participant’s noisy extracurricular activities and were additionally designed to 
cover knowledge, attitude, beliefs, behaviors, and experiences. Once all the survey 
questions were finalized, factors were coded across individual survey instruments and 
supplemental questions for knowledge (K), attitudes (A), beliefs (B), behaviors (B), and 
experience (E) to form a comprehensive survey outcome (Appendix D).  
Final Survey Instrument 
Comprehensive Survey Instrument 
The comprehensive pre-questionaire was comprised of 80 questions, and the post-
questionnaire had 94 questions if the participant reported tinnitus and answered all the 
THI questions. Additional questions were needed on the post questionnaire to specifically 
address the participants’ experience while wearing the hi-fidelity earplugs. The final 
comprehensive survey took 15-20 minutes to complete. The pre-questionnaire combined 
55 questions for participants to answer regarding their knowledge, attitude, beliefs, 
behaviors, and experiences with hearing protectors through two established surveys. The 
KABBE pre- and post-questionnaire included adapted questions from the YANS (Widen 
et al., 2006) and adapted questions from the BAHPHL (Gilles et al., 2013; Svensson et 
al., 2004).  
The YANS (Widen et al., 2006) was designed to understand attitudes towards 
noise and was additionally designed to include four other factors. These factors included: 
Factor 1, Youth Culture (KABBE Questions 6, 9, 11, 14, 15, 17, and 20); Factor 2, 
Concentration (KABBE Questions 7, 10, and 13); Factor 3, Daily Noise (KABBE 
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Questions 16, 19, and 21); and Factor 4, Intent to Influence (KABBE Questions 8, 12, 
and 18). 
The BAHPHL, originally designed by Stephenson and Merry for NIOSH in 1999, 
was later modified for two studies--Gilles et al., 2013 and Svensson et al., 2004, The 
KABBE utilized seven factors (Gilles et al., 2013) for all BAHPHL questions. These 
factors included: Factor 1, susceptibility to hearing loss (KABBE Questions 30, 36, 39, 
48, and 50); Factor 2, consequences of hearing loss (KABBE Questions 28, 35, and 51); 
Factor 3, preventative actions (KABBE Questions 31, 40, and 44); Factor 4, barriers to 
preventative actions (KABBE Questions 33, 38, 42, 45, and 49); Factor 5, behavioral 
intentions (KABBE Questions 27, 32, and 52); Factor 6, social norms (KABBE 
Questions 29, 34, and 46); and Factor 7, self-efficacy (KABBE Questions 26, 37, and 4). 
Moreover, the survey was originally scored on a 5-point Likert scale. In the study 
conducted by Svensson et al. (2004), patients were given a 4-point Likert scale to omit a 
neutral response. The KABBE scoring for modified BAHPHL questions was on a 4-point 
Likert scale. 
An additional 25 questions from the Newman et al. (1996) version of the Tinnitus 
Handicap Inventory were added to the questionnaire if participants answered Agree or 
Totally Agree to Question 42--“My ears ring or buzz all the time”--on either the pre- or 
post-questionnaire. The inclusion of this modified tinnitus instrument lengthens the pre-
questionnaire to 80 questions. The post-questionnaire included an additional 14 questions 
regarding the perceived comfort of the ear plugs, totaling 94 questions (Byrne et al., 






 Both the pre- and post-comprehensive questionnaires were administered online 
via Qualtrics (Qualtrics, Provo, UT). The survey questions were designed with different 
response formats, including multiple choice, multiple response, and Likert scales. 
Participants were requested not to converse during the pre- or post-questionnaire to 
eliminate bias and possible sharing of answers. 
 All participants had access to internet through a personal phone or computers 
within the venue. The website TinyUrl.com was utilized to condense the original links for 
both the pre- and post-questionnaires for ease of typing them into a smartphone or 
computer web browser. For the pre-questionnaire, after participants answered 56-80 
questions (dependent upon their answer to Question 42), they were subsequently directed 
to a private YouTube video to view a brief training on how to use the hi-fidelity earplugs 
used in this study.  
Earplugs and Training Video 
The earplugs used within the study were Etymotic High Fidelity Ear Plugs (ER-20 
ETY-Plugs), sizing (standard or large) was determined by the researcher by visually 
observing the size of the ear canal aperature, and earplugs were provided free of charge. 
Each participant was then required to watch a brief (1 minute 56 second) video (Figure 1) 
created by the researcher to demonstrate proper earplug insertion. All participants 






Figure 1. Screenshot of brief educational video, “Proper Ear Plug Insertion.” 
The video included a demonstration of proper insertion, removal, and use of 
earplugs. No additional hearing-health information was provided to participants during 
the introduction, questionnaire, or proceeding video. Participants were informed of 
proper insertion, use, and removal to prevent the risk of discomfort or irritation in use of 
the earplugs. Each participant demonstrated proper insertion, use, removal, and 
confirmed proper care (including, but not limited to, not sharing earplugs with other 
people) prior to dismissal.  
 Participants were then instructed that they were expected to respond via text to 
report earplug usage after each worked show. The researcher was given an estimated 
schedule for the participants to determine an appropriate contact schedule for reporting 
earplug useage. At the end of the scheduled work shift, the researcher texted participants, 
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“Did you wear your ear plugs tonight? If so, for how long?” Reported times worn were 
obtained via text message through the researcher’s personal, locked cell phone prior to 
being recorded in an Excel spreadsheet. Participants that failed to communicate or did not 
report usage through five shifts were not invited to complete the post-questionnaire. 
Reported usage and pre-/post-questionnaire responses were coded with employee-specific 
identification numbers to retain participant anonymity through the study, and responses 
were not shared with managers or other employees of venues. After the completion of the 
study, all participants were directed where to find replacement hi-fidelity earplugs for 
future use. 
Data Analysis Procedures 
 This survey was constructed to evaluate the knowledge, attitudes, beliefs, 
behaviors, and experiences of participants (small music venue workers) after wearing hi-
fidelity musicians’ earplugs for five work shifts. Analysis was completed in Stata 
(version 15) using descriptive statistics for each sub-questionaire. Paired-sample T-tests 
were used to determine if significant changes (p < .05) occurred after HPD use for the 
Modified YANS, the Modified BAHPHL, and a composite analysis of questions from 
both the Modified YANS and the Modified BAHPHL which were categorized in terms of 
knowledge, attitudes, beliefs, behaviors, and experience. A Cohen’s D was calculated for 
each factor to determine the size of change in responses between the pre- and post-
questionnaires. 
Data Handling Procedures 
All data collected online were stored on the University of Northern Colorado 
Qualtrics server and were only accessible to the primary researcher and the research 
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advisor. Qualtrics reports were downloaded, and summary data were stored on the 
researcher’s personal laptop computer and external drive, both of which were password 
protected. Each participant was assigned a unique participant identification number to 
track responses and report usage. These participant identification numbers were entered 
into the pre- and post-questionnaire data to match responses between each participant. All 
survey data with personal identifiers, to include the key with identification numbers, were 

















Thirty-two adults were recruited for this study group from three small music 
venues in Colorado. Each music venue included an alcohol bar that had clear and direct 
visual access to the stage. Participants were invited to complete the post-questionnaire if 
they reported wearing the complimentary hi-fidelity earplugs during each of five shifts. 
Baseline-questionnaires were completed by 32 participants and post-questionnaires were 
completed by 24 participants. Eight participants did not use the hi-fidelity earplugs 
during five work shifts and, therefore, were not invited to complete the post-
questionnaire.  
For the pre-questionnaire, the ages of participants ranged between 20 and 72 
years, with a mean age of 34 years (SD = 10.1 years). For the post-questionnaire, the ages 
of the participants ranged from 20 to 61 years, with a mean age of 34.6 years (SD = 10.5 
years). The reported genders of the participants in the pre-questionnaire were 65.6% male 
(n = 21) and 34.4% female (n = 11); and in the post questionnaire, 66.7% male (n = 16) 










Venue B   
% (n) 





 Pre-Q Post-Q Pre-Q Post-Q Pre-Q Post-Q Pre-Q Post-Q 
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30.2 (16) 30.2 (13) 28.0 (1) 28.0 (1) 40.9 (15) 41.0 (10) 33.0 (32) 33.1 (24) 
 
The pre-questionnaire included a section regarding participation in other noise-
related activities besides working at a small music venue. Figure 2 summarizes activities 
reported by participants. The three other activity responses included screen printing, 
washing screens and tools, and working at Home Depot™. Of the 32 participants 
surveyed, between 4.2% (n = 2) and 84.3% (n = 27) reported participating in each of the 
different noisy activities. Attending amplified music concerts outside of the work venue 
yielded the greatest percentage of participants of 84.3% (n = 27) at baseline. Military 










Figure 2. Percentage of participants reporting participation in noisy activities on the pre- 
and post-questionnaire. Responses are organized from highest to lowest frequency of  




Participants were also asked if they wore hearing protection at work and/or while 
engaging in noisy activities at work and away from work. Responses are summarized in 
Table 5. It appears that the use of earplugs at work increased post-study. A total of 37.5% 
frequently or always used earplugs at work before study participation, and 79.2% did so 
after the study. A similar trend was evident for use of hearing protection during other 
noisy activities.   
Table 5 
 







Do You Wear Earplugs When 
Exposed to Loud Noise When at 
Work? 
Do You Wear Earplugs When 
Exposed to Loud Noise When At 
Loud Hobbies Outside of Work? 
Pre-% 
(n = 24) 
Post-% 
(n = 24) 
Pre-% 
(n = 32) 
Post-% 
(n = 24) 
     
Always 4.2 
(n = 1) 
12.5 
(n = 3) 
8.3 
(n = 2) 
8.3 
(n = 2) 
 
Frequently 33.3 
(n = 8) 
66.7 
(n = 16) 
33.3 
(n = 8) 
41.7 
(n = 10) 
 
Sometimes 45.8 
(n = 11) 
20.8 
(n = 5) 
41.7 
(n = 10) 
12.5 
(n = 3) 
 
Infrequently 12.5 
(n = 3) 
0.0 
(n = 0) 
12.5 
(n = 3) 
33.3 
(n = 8) 
 
Never 4.2 
(n = 1) 
0.0 




(n = 1) 
     
 
Use of Hi-Fidelity Earplugs  
During Study 
 
Twenty-nine participants were fit with standard sized (blue) earplugs, and three 
participants were fit with large sized (white) earplugs. Three participants lost their 
earplugs during the study and were given a new set immediately without study 
48 
 
interruption. Participants were requested to report usage of the hi-fidelity earplugs 
directly to the researcher after each work shift via text message. Participants were asked 
whether or not they wore their earplugs during their shift, and if so, how many hours 
worn? Of the 24 participants completing the post-survey, 95.8% (n = 23) reported 
consistent use over all five work shifts. One participant reported that during their fifth 
shift, they removed their earplugs shortly after insertion, stating they chose not to 
continue using the earplugs the rest of their shift since they were working in a different 
part of the venue and subjectively judged the work environment to be quiet enough to not 
to require the use of earplugs. The mean wear time per participant was 2.3 hours per a 
typical shift length of 5 hours. Wear times remained relatively stable per participant 
across each of the five shifts. Table 6 summarizes mean wear time of the high-fideliy 
earplugs and shift lengths by venue.  
Table 6 
Mean Hi-fidelity Earplug Wear Time and Shift Length by Music Venue 
 
Venue 
Mean Shift Time 
(Hours) 
Mean Wear Time per 
Shift (Hours) 
 
Venue A (n = 13) 5.0 3.1 
 
Venue B (n = 1) 5.0 3.8 
 
Venue C (n = 10) 5.0 3.4 
 





 The modified YANS responses were coded on a 5-point Likert scale. The higher 
the score, the more positive the attitude towards noise and implies that noise is perceived 
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as less dangerous (Widen et al., 2006). The modified YANS produces a total score that 
includes four subcategories of responses: Factor 1, Elements of Youth Culture; Factor 2, 
Ability to Concentrate in Noise; Factor 3, Attitudes toward Daily Noise; and Factor 4, 
Attitudes Towards Influencing the Sound Environment (Intent to Influence). Table 7 
summarizes the Likert response outcomes for the YANS.  
Table 7 
Descriptive Statistics of the YANS Likert Scores 






























F2 Concentration in Noise 
 
2.0-5.0 3.6 (0.8) 2.0-4.7 3.6 (0.8) 2.0-5.0 3.7 (0.8) 
F3 Daily Noise 
 
2.5-5.0 3.6 (0.7) 2.5-4.5 3.7 (0.7) 2.0-3.2 2.7 (0.3) 
F4 Intent to Influence 
 
2.3-5.0 3.4 (0.6) 2.3-4.5 3.3 (0.6) 1.75-5.0 3.3 (0.7) 
Overall (F1-F4) 2.7-4.4 3.3 (0.4) 2.7-4.4 3.3 (0.4) 2.3-4.4 3.1 (0.4) 
       
 
The subset of subjects that completed the study (n = 24) did not differ in terms of 
pre-questionaire YANS Factors 1 (Elements of Youth Culture) and 2 (Concentration in 
Noisy Environments) and were only slightly different (within 1 standard deviation) than 
the entire cohort (n = 32) for Factors 3 (Daily Noise) and 4 (Intent to Influence). Widen et 
al. (2006) interpreted the YANS by creating three categories of attitudes based upon 
quartiles of the sum of YANS scores. Widen et al. (2006) interpreted the lowest 25% 
quartile as people with an anti-noise attitude, which indicated viewing noise as something 
bad. The 50% sample in the middle two quartiles yielded a neutral attitude towards noise. 
The upper 25% yielded a pro-noise attitude, which indicated noise was seen to be 
unproblematic. Using this same approach, quartile values are provided in Table 8 for both 
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the pre- and post-questionnaire responses. Subjects in this study can be categorized has 
having neutral attitudes towards noise on the pre-questionaire (3.3) with a slight trend 
towards the negative (anti-noise) on the post-questionaire (3.1).  
Table 8 
 






Groups of Attitudes (Pre-Q Quartiles) Groups of Attitudes (Post-Q Quartiles) 























2.00-2.90 3.00-4.20 4.30-4.70 2.00-2.60 3.20-4.50 4.60-4.70 
3 Daily Noise 
 
2.50-2.90 3.00-4.20 4.30-4.50 2.90-2.50 2.60-2.80 2.90-3.00 





















Changes in the Modified YANS 
Table 9 provides the mean differences, 95th percentile confidence intervals, p-
values and effect sizes for each of the YANS factors and overall total score.  
The subjects had a significant change (p = <0.0001) in their attitude towards Factor 3 
(Daily Noise) after wearing hi-fidelity hearing protectors during their work shifts, with 
attitudes shifting towards a more negative attitude towards hearing loss and a positive 
attitude towards hearing protection. Specifically, participants felt more inclined to rectify 
excessive noise or leave the setting and agreed that the music should be lowered to safer 





Table 9  
 




















     
F1 Elements of 
Youth Culture 
 





0.2 (0.8) (0.2, 0.5) 0.3 Small (0.3) 
F3 Elements of 
Youth Culture 
 
-1.0 (0.8) (1.3-0.6) <0.0001* Large (-1.3) 

















*Significant using an alpha of .05 
 
Modified-BAHPHL Outcomes 
The modified BAHPHL (Gilles et al., 2013; Svensson et al., 2004) was 
administered to obtain information regarding participants’ behaviors and attitudes 
towards hearing loss and hearing protectors. The BAHPHL scores are categorized by 
each factor in Table 10. Lower scores (1-2) suggest a positive behavior towards hearing 
protection, while a higher score (3-4) is suggestive of a negative behavior towards 
hearing protection. All mean Likert scores were <2.5 and suggest neutral or somewhat 
positive beliefs and attitudes towards hearing protection. Table 10 summarizes the 
outcomes from the BAHPHL. Similarily to the Modified YANS, a quartile approach was 
used to interpret the BAHPHL outcomes (Table 11). Subjects in this study can be 
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categorized as exhibiting neutral behaviors towards noise on the pre-questionaire (2.0) as 
well as on the post-questionaire (2.9). 
Table 10 
Descriptive Statistics of the BAHPHL 
 



































2.0-5.0 3.6 (0.8) 2.0-4.7 3.6 (0.8) 2.0-5.0 3.7 (0.8) 
F3 Benefits of Preventive 
Action 
 
2.5-5.0 3.6 (0.7) 2.5-4.5 3.7 (0.7) 2.0-3.2 2.7 (0.3) 
F4 Barriers to Preventive 
Action 
 
2.3-5.0 3.4 (0.6) 2.3-4.5 3.3 (0.6) 1.75-5.0 3.3 (0.7) 
F5 Behavioral Intention 
 
2.3-5.0 3.4 (0.6) 2.3-4.5 3.3 (0.6) 1.75-5.0 3.3 (0.7) 
F6 Social Norms 
 
2.3-5.0 3.4 (0.6) 2.3-4.5 3.3 (0.6) 1.75-5.0 3.3 (0.7) 
F7 Self-efficacy 
 
2.3-5.0 3.4 (0.6) 2.3-4.5 3.3 (0.6) 1.75-5.0 3.3 (0.7) 
Overall (F1-F7) 2.7-4.4 3.3 (0.4) 2.7-4.4 3.3 (0.4) 2.3-4.4 3.1 (0.4) 














Groups of Attitudes (Pre-Q Quartiles) Groups of Attitudes (Post-Q Quartiles) 



















2 Severity of 
Consequences 
 
1.0-1.6 1.7-2.0 2.0-2.0 1.0-1.6 1.7-1.9 2.0-2.3 




1.0-1.2 1.3-2.0 2.0-2.0 1.0-1.0 1.1-1.7 1.8-2.0 








1.5-1.7 1.8-2.5 2.5-2.5 1.5-1.7 1.8-2.2 2.3-2.5 
6 Social Norms 
 
1.0-1.6 1.7-2.1 2.2-2.7 1.0-1.6 1.7-2.1 2.2-2.7 
7 Self-efficacy 
 

















Changes in the Modified  
BAHPHL 
One sample used paired t-tests to compare BAHPHL scores in the subset of 
subjects (n = 24) that utilized hi-fidelity earplugs for 5 work shifts. Table 12 provides the 
mean differences, 95th percentile confidence intervals, p-values, and effect sizes for each 





Analysis of Change in the Modified BAHPHL Pre- and Post-Use of Hi-Fidelity Earplugs 

























-0.1 (0.3) (-0.3, 0.1) 0.3 Small (0.3) 





-0.1 (0.4) (-0.2, 0.1) 0.6 Small (0.3) 




-0.01 (0.5) (-0.2, 0.2) 0.9 Small (<-0.1) 








-0.1 (0.4) (-0.3, 0.1) 0.2 Small (-0.3) 
F6 Social Norms 
 
-0.1 (0.6) (-0.4, 0.2) 0.5 Small (-0.2) 
F7 Self-efficacy 
 














*Significant using an alpha of .05 
 
The subjects had a significant improvement in self-efficacy (p = 0.01) after 
wearing hi-fidelity earplugs while working, which indicated a perceived increase in their 
ability to properly use hearing protection. Specifiically, participants were more 
knowledgeable about proper hearing protector use and felt they could explain this to 
other people, including other music venue workers. There were no significant changes in 
the other factors. Mean Likert scores improved across almost all factors, suggesting a 
slightly positive non-significant change in overall behavior towards hearing protection, 
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the exception being a decline in mean Likert scores for factor 4 (Barriers to Preventative 
Action), which is suggestive of problems regarding comfort of the earplugs and 
communication challenges while wearing the HPDs. Of the five questions relating to 
Factor 4, it was observed that four different participants changed their response from 1 
(totally agree) to 3 (disagree) on three questions regarding their ability to hear while 
wearing earplugs. Specifically, these participants originally felt that hearing protection 
would hinder their ability to hear patrons, which they disagreed with after wearing high-
fidelity earplugs. Two other participants were observed to increase their responses from 
totally agree to disagree on two other Factor 4 questions relating to comfort.  
Knowledge, Attitudes, Beliefs,  
Behaviors and Experience  
Outcomes 
 
Questions from the modified YANS and the modified BAHPHL were combined 
and categorized in terms of knowledge, attitudes, beliefs, behaviors, and experience. 
Descriptive outcomes are summarized in Table 13. The lower the score, the more positive 
the factor aligns towards hearing health. All mean Likert scores were <2.4 on both the 






Summary of Likert Scores for Knowledge, Attitudes, Beliefs, Behaviors, and Experiences 
 
































2.6-4.1 3.1 (0.3) 2.6-4.1 3.1 (0.4) 2.2-4.1 2.9 (0.4) 
Beliefs 
 
1.2-2.5 1.8 (0.4) 1.2-2.3 1.7 (0.3) 1.0-2.1 1.6 (0.3) 
Behaviors 
 
1.6-2.7 2.1 (0.3) 1.6-2.6 2.1 (0.3) 1.5-2.6 1.9 (0.3) 
Experiences 1.9-3.4 2.4 (0.3) 1.9-3.4 2.4 (0.4) 2.0-3.0 2.4 (0.3) 
       
 
A quartile approach was also used to interpret the KABBE outcomes (Table 14). 
The lowest 25% quartile reflects people with knowledge, attitudes, beliefs, behaviors, and 
experiences that support positive hearing health. The 50% sample in the middle two 
quartiles yielded evidence that knowledge, attitudes, beliefs, behaviors, and experiences 
were neutral towards noise and hearing protective strategies. The upper 25% reflects 
individuals with a lack of knowledge, poor attitudes, beliefs and behaviors, and negative 
experiences with regard to hearing health. Quartile values are provided in Table 14 for 
both the pre- and post-questionnaire responses. 
Table 14 
 




Groups of Attitudes (Pre-Q Quartiles) Groups of Attitudes (Post-Q Quartiles) 


















2.6-2.8 2.9-3.2 3.3-3.5 2.2-2.6 2.7-3.0 3.1-3.3 
Beliefs 
 
1.2-1.4 1.5-1.9 2.0-2.43 1.0-1.2 1.3-1.8 0.9-2.0 
Behaviors 
 
1.6-1.8 1.9-2.2 2.3-2.8 1.5-1.6 1.7-2.0 2.1-2.3 
Experiences 
 




 Subjects in this study can be categorized as having positive knowledge on the pre-
questionaire (2.1) and on the post-questionaire (2.1). They exhibited neutral attitudes 
decreasing towards a positive attitude on the pre-questionnaire (3.1) and the post-
questionnaire (2.9). They additionally indicated positive beliefs towards hearing 
protection on the pre-questionnaire (1.8) and on the post-questionnaire (1.6). They 
exhibited neutral behaviors on the pre-quetionnaire (2.1), with a positive behavior in the 
post-questionnaire. Further, they indicated a neutral experience on both the pre- and the 
post-questionnaires (2.4, 2.4).  
Changes in Knowledge, Attitudes,  
Beliefs, Behaviors and  
Experiences 
 
Table 15 provides the mean differences, 95th percentile confidence intervals, p-
values, and effect sizes for each of the KABBE factors. A significant improvement was 
observed for beliefs (p = 0.04) and behaviors (p = 0.01), suggesting a perceived positive 
change in beliefs and an increased likelihood to use hearing protection. This is indicative 
of an improvement in beliefs and behaviors regarding better hearing health. Specifically, 
participants are more likely to use hearing protection around loud equipment and at work. 
They are more likely to believe hearing protection will protect their hearing, and believe 







Analysis of Mean Changes in Knowledge, Attitudes, Beliefs, Behavior, and Experiences 




















     
Knowledge 
 
0.2 (0.3) (-0.1, 0.2) 0.8 Small (0.1) 
Attitude 
 
0.2 (0.4) (-0.4, 0.0) 0.1 Medium (-0.5) 
Beliefs 
 
-0.1 (0.3) (-0.2, 0.0) 0.04* Small (-0.3) 
Behaviors 
 
-0.2 (0.3) (-0.3, -0.03) 0.01* Medium (-0.7) 
Experiences 
 
-0.03 (0.3) (-0.2, 0.1) 0.7 Small (-0.1) 
*Significant using an alpha of .05 
 
Tinnitus Handicap Inventory  
Outcomes 
Participants were given an opportunity to complete the Modified Tinnitus 
Handicap Inventory if they selected Agree or Totally Agree to experiencing ringing in 
their ears on either the baseline or post-questionnaires. Eleven participants reported 
experiencing tinnitus and completed the THI. Ten of the 11 (45.8% of subjects) reported 
tinnitus on the pre-questionaire, while only 6 of the 11 (25% of subjects) reported tinnitus 
on the post-questionaire. One subject reported tinnitus only on the post-questionaire. 






















Post-Questionnaire (n = 11) 0-88 22.6 (32.6) 
 
 
The Tinnitus Handicap Inventory is scored based on severity (Newman et al., 
1996; Newman, Sandridge, & Jacobson, 1998). Grade 1 is considered slight (THI score 
0-16), Grade 2 is considered mild (THI score 18-36), Grade 3 is considered moderate 
(THI score 38-56), Grade 4 is considered severe (THI score 58-76), and Grade 5 is 
considered catastrophic (THI score 78-100). THI scores and grading outcomes are 












Pre-Q Post-Q Observed 
Change in Score Score Scale Score Scale 
       
1 A 8.0 Slight 14.0 Slight 6.0 
 
2 C 24.0 Mild 0.0 None -24.0 
 
3 C 46.0 Moderate 0.0 None -46.0 
 
4 A 18.0 Mild 0.0 None -18.0 
 
5 A 14.0 Slight 0.0 None -14.0 
 
6 A 82.0 Catastrophic 88.0 Catastrophic 6.0 
 
7 A 100.0 Catastrophic 78.0 Catastrophic -22.0 
 
8 A 50.0 Moderate 0.0 None -50.0 
 
9 C 60.0 Severe 42.0 Moderate -18.0 
 
10 C 36.0 Mild 20.0 Mild -16.0 
 
11 C 0.0 None 6.0 Slight 6.0 
 
Mean  30.8  22.6  -17.3 
 
 
 Of the 11 participants that reported experiencing tinnitus, two participants 
reported experiencing catastrophic tinnitus on both the pre- and post-questionnaires. As 
suggested by the Newman et al. study (1998), all participants scoring >18 points on the 
pre- or post-questionnaire were referred for follow-up with an audiologist for their 
tinnitus. Eight of the 11 participants (72.7%) yielded a decrease in THI score, indicating 
an improvement in tinnitus symptoms after using the hearing protection at work. A 
change of 20 points or more is considered clinically significant (Newman et al., 1998). 
Four of the 11 participants with tinnitus (36.4%) had a clinically significant reduction 
(≥20 points) in their tinnitus severity after HPD use. Mean severity scores decreased from 
39.8 (moderate grade) to 22.6 (mild grade) when comparing pre-questionnaire to post-
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questionnaire outcomes. Three participants reported a slight increase in tinnitus 
symptoms; however this did not impact their severity rating, except in one case (changed 
from none to slight). The highest score reported on the pre-questionnaire THI was 100, 
yielding a catastrophic Grade 5; further, this participant scored lower (78) on the post-
questionnaire THI, which was still considered a catastrophic Grade 5, yet achieved a 
clinically significant improvement. 
Hearing Protector Comfort Index 
 
 Participants were also given a Modified Comfort Index (Byrne et al., 2011) to 
report their experience after using the hi-fidelity earplugs while working. Participants 
were asked to mark along a continuum of 1 to 5 of opposite descriptives regarding 
hearing protection comfort. The responses of participants across the comfort index were 
summed, and a total score was analyzed. Responses to Question 91 were redacted due to 
a wording error on the electronic survey (“hot,” rather then “smooth”) and were not 
tallied in total response scores. The lowest possible score on the original comfort index is 
13 and indicates the most comfortable rating, and the highest score is 70, which indicates 
the most uncomfortable. A score of 42 is midline. The numerically highest score possible 
on the current study was 65, which indicates the maximum degree of discomfort. The 
lower the score, the more comfortably perceived. A midline neutral comfort response is 
indicated by a score of 32.5. The comfort index outcomes for the present study ranged 
from 26-39, with a mean overall comfort score of 33.7 (SD = 3.9) and median of 34.5, 
which suggests that the hi-fidelity earplugs were generally accepted in terms of comfort 
and were not perceived to be “uncomfortable” or “comfortable.” It should be noted that 
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these outcomes reflect an incomplete index score and, consequently, outcomes may have 
been different if all the questions were asked properly.  
Results Summary 
A series of questionnaires were completed by small music venue workers before 
and after wearing hi-fidelity hearing protectors for five work shifts. For the Modified 
YANS, scores indicated a significant improvement in their attitude towards daily noise (p 
= <0.0001*), with no significant changes in regards to the other factors. For the BAHPHL, 
scores indicated a significant improvement in self-efficacy (p = 0.01) after wearing hi-
fidelity earplugs with no significant changes across the other factors. For the KABBE, a 
significant improvement was observed for beliefs (p = 0.04) and behaviors (p = 0.01) for 
participants, suggesting a perceived positive change in beliefs towards hearing health and 
an increased likelihood to use hearing protection in hazardous noise. No significant 
changes were observed for knowledge, attitude, or experiences. Overall, a general 
decrease in tinnitus across subjects was reported after using high-fidelity earplugs in 
noisy environments. Finally, participants indicated a neutral response towards hearing 
protectors (neither comfortable nor uncomfortable), indicating an acceptance towards the 











DISCUSSION AND CONCLUSION 
 
 
 The purpose of this study was to describe the changes in knowledge, attitudes, 
beliefs, behaviors, and experiences of small music venue workers before and after 
wearing high-fidelity musician’s earplugs at work for five work shifts. The Youth 
Attitude to Noise Scale questionnaire (Widen et al., 2006), the Beliefs About Hearing 
Protection and Hearing Loss Scale (BAHPHL) (Gilles et al., 2013; Svensson et al., 2004) 
the Tinnitus Handicap Inventory (Newman et al., 1996) and the Hearing Protector (HPD) 
Comfort Index (Byrne et al., 2011), and researcher-designed questions were used to 
measure and describe these changes.  
Knowledge 
Participants did not demonstrate a significant change in knowledge towards the 
use of hearing protection. This lack of change is not surprising, since the participants 
were not given any information or educational intervention beyond the brief instructional 
video. It is encouraging that participants maintained their positive, pro-hearing protector 
knowledge between the pre- and post-questionnaires, as Barlow and Castilla-Sanchez 
(2012) found that there is a general lack of concern for employee safety in music venues. 
They noted that 61.5% of participants in their study reported previous knowledge 
regarding the dangers of excessive noise. In that study, notwithstanding their awareness 
of the dangers, they found that 70% of the participants rejected utilizing hearing 
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protection. Additionally, Keppler et al. (2015) found that there is no correlation between 
knowledge of dangers associated with excessive noise levels and changes in behavior. In 
the current study, all participants agreed to the statement, “It is important for hearing 
protection to fit properly to prevent hearing loss” (Question 55) on the post-
questionnaire. Additionally, when asked their agreement with the statement “Losing my 
hearing would make it hard for people to talk to me” (Question 34), on the post-
questionnaire, 96% of participants correctly responded with agree or totally agree. This 
suggests that despite a possible previous lack of concern or education for hearing health, 
participants in the current study were knowledgeable of the ramifications of noise-
induced hearing loss and had adopted a positive pro-hearing protector viewpoint which 
was not negatively impacted by their use of hearing protection during the study. The lack 
of change in knowledge is consistent with other studies which noted that changes in 
health beliefs and behaviors are not dependent upon knowledge alone (Keppler et al., 
2015; Manchaiah, 2012). 
Attitudes 
Youth Attitude to Noise Scale 
Similarly to the mean scores found in the Keppler et al. (2015), the Warner-Czyz 
and Cain (2015), and the Widen et al. (2006) studies, participants responded with neutral 
attitudes across all YANS factors on the pre- and post-questionnaire (Table 18). 
Specifically, neutral responses were observed when questioned regarding their attitudes 
towards youth culture, concentration in noise, daily noise, intent to influence the sound, 
and overall for the YANS. These neutral responses were expected, as participants were 
not given any intervention or further information regarding hearing loss and hearing 
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protection. Additionally, the current study participants had little to no prior experience 
with hearing protection while at work. Their neutral responses may be indicative of a 
neutral workplace climate towards hearing protection and hearing loss, as found by Brady 
and Hong (2006).  
Table 18 
 











Gilles et al. 
(2013) 
Widen et al. 
(2006) 
Warner-Czyz 
& Cain (2015) 
       
Factor 1 Youth Culture 8 3.1 (0.6) 3.3 (0.80) 3.4 (0.8) 3.4 (0.8) 
 
Factor 2 Concentration 3 3.7 (0.8) 2.8 (0.80) 2.9 (1.0) 3.4 (0.8) 
 
Factor 3 Daily Noise 4 2.7 (0.3) 3.3 (0.80) 3.6 (0.8) 3.4 (0.8) 
 
Factor 4 Intent to Influence 4 3.3 (0.7) 2.8 (0.69) 3.3 (0.5) 3.2 (0.5) 
      
Total 19 3.1 (0.4) 3.1 (0.49) 3.3 (0.5) 3.2 (0.5) 
 
A significant change was seen between the pre- and post-questionnaire for the 
Daily Noise factor in the YANS. This is suggestive of participants having a negative 
reaction towards hearing loss and an improved attitude towards hearing protection while 
at work after wearing hi-fidelity earplugs for five workshifts. This is different from the 
results of the Widen et al. (2006) article, wherein participants yielded a significant 
change only in Youth Culture. This difference in the Daily Noise factor may be due to the 
current participants responding to noise within a work environment, while the 
participants in the Widen et al. (2006) study perceived noise and concerts only as an 
intermittent extra activity or hobby, and noise was not experienced on a daily basis. The 
current results are supported by the Gilles et al. (2013) study. In this study, participants 




Two additional research-generated questions were asked regarding attitudes. 
Participants responded appropriately towards Question 40, “I think my hearing is being 
hurt by exposure to loud noise at work,” with 81.3% and 83.3% answering agree or 
totally agree on the pre- and post-questionnaires, respectively. Further, when asked 
Question 50, “I think it would be a big problem if I lost my hearing,” 96.9% and 100% of 
participants answered agree or totally agree on the pre- and post-questionnaires, 
respectively. It appears that the subjects in this study had a positive attitude towards 
hearing loss prevention to begin with, and the ability to detect any change in these 
questions is likely limited due to a ceiling effect.  
 There was a trend for a change towards more positive attitudes towards hearing 
health on the KABBE analysis. Although the change was statistically insignificant, a 
medium effect size was evident. This suggests that attitudes were being influenced by the 
subjects experience wearing hi-fidelity earplugs at work; however, the study size and 
insufficient power prevented detection of these changes. 
Beliefs 
Beliefs about Hearing Protection 
And Hearing Loss Scale 
While a significant change in responses was observed between the pre- and post-
questionnaire towards beliefs overall, mean responses to the post-questionnaire were 
neutral across all BAHPHL factors. Some differences in outcomes exist between the 
current study and those conducted by Gilles et al. (2013) and Keppler et al. (2015) and 















Gilles et al. 
(2013) 
Keppler et al. 
(2015) 
      
Factor 1 Susceptibility to Hearing Loss 6 1.8 (0.5) 2.4 (0.7) 1.7 (0.5) 
 
Factor 2 Severity of Consequences of 
Hearing Loss 
 
3 18 (0.4) 2.1 (0.8) 1.5 (0.6) 
Factor 3 Benefits of Preventive Action 3 1.5 (0.4) 2.2 (0.7) 1.8 (0.6 
 
Factor 4 Barriers to Preventive Action 4 2.5 (0.4) 3.3 (0.7) 3.0 (0.8) 
 
Factor 5 Behavioral Intentions 3 2.1 (0.3) 3.3 (0.9) 2.9 (1.1) 
 
Factor 6 Social Norms 2 2.0 (0.5) 3.4 (0.9) 3.3 (0.9) 
 
Factor 7 Self-efficacy 3 1.5 (0.4) 2.8 (0.8) 2.9 (0.8) 
     
Total 24 1.9 (0.2) 2.7 (0.5) N/A (N/A) 
 
 
The population in the Gilles et al. (2013) study was high school students, while 
the current study was young adult workers. Mean scores were lower for the current study 
(1.9) versus the Gilles et al. (2013) study (2.7). Lower scores were obtained from adults 
in the current study across all factors: susceptibility to hearing loss (-0.6); severity of the 
consequences of hearing loss (-0.3); benefits of preventive action (-0.7); barriers to 
preventive action (-0.8); behavioral intention (-1.2); social norms (-1.4); and self-efficacy 
(-1.3). Lower scores (1-2) on the BAHPHL suggest a positive behavior towards hearing 
protection is more likely in adults than in high school students.  
The population in the Keppler et al. (2015) study had young adult participants 
with a mean age of 21.2 years and ranged in age from 18 to 30 years, whereas the current 
study had adults with a with mean age of 34 years and ranged across a larger range of 
years (20-72 years). In terms of factor comparisons, the two studies had similar outcomes 
(±0.3) for susceptibility to hearing loss, severity of consequences of hearing loss, and 
benefits of preventive action; responses differed with regard to barriers to preventive 
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action (-0.3), behavioral intention (-0.8), social norms (-1.3) and self-efficacy (-1.4). 
Therefore, the subjects in the current study that used hi-fidelity earplugs felt there were 
fewer barriers to preventive action, had greater behavioral intention to protect their 
hearing, were less influenced by social norms, and had a sense of greater self-efficacy 
than the subjects in the Keppler et al (2015) study. Perhaps age difference is a 
consideration; however, the Keppler et al. (2015) study did not incorporate experience 
with hearing protection and evaluated only the subject’s hearing as it related to BAHPHL 
outcomes. The current study outcomes may demonstrate more positive hearing health 
beliefs because of direct experience with hi-fidelity hearing protection, especially when 
one considers the significant changes in self-efficacy.    
Brady and Hong (2006) noted the importance of self-efficacy in a study of 
construction workers. In the current study, a significant change was observed with regard 
to self-efficacy. This is suggestive of a perceived improvement in the subject’s ability to 
use HPDs. These results are also similar to those found by Beach et al. (2011), wherein 
their participants reported high self-efficacy with HPD use, regardless of the opinions of 
peers. It seems reasonable to assume that just having a brief orientation via an earplug 
fitting video and short-term personal experience wearing hi-fidelity earplugs leads to 
greater self-efficacy for the individual. 
Knowledge, Attitude, Beliefs, 
Behaviors, and Experiences 
A significant change (p = .04) was observed for beliefs between the pre- and post-
questionnaire, indicative of an increased likelihood for HPD use in this small sample of 
music venue employees. This is similar to the results found in the Keppler et al. (2015) 
study. They found that participants with health-oriented beliefs regarding hearing 
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protection were more likely to use HPDs at work. They note that the participant’s pre-
existing beliefs significantly impacted their own hearing health behaviors.  
Behaviors 
A significant improvement (p = .01) in hearing protection related behaviors on the 
KABBE occurred after subjects wore high-fidelity earplugs for five workshifts. The 
majority of participants initially denied using hearing protection while at work (62.5%) or 
while engaged in “loud” hobbies (67.8%) on the pre-questionnaire. Or in reverse 
perspective, only 37.5% reported wearing hearing protection at work, and 32.2% during 
noisy hobby activities. After using hi-fidelity earplugs for five workshifts, the use at work 
more than doubled to 79.2%, while use during “loud” hobby activities increased slightly 
to 50%. The subjects’ use on the job was also evident when considering Question 52, 
“On my current job, I seldom wear hearing protectors when I work around loud music.” 
On the pre-questionnaire, 58.3% of the participants disagreed or strongly disagreed with 
this statement; further, on the post-questionnaire, 70.1% disagreed, suggesting a general 
acceptance and increased willingness to wear hearing protection.  
In a study conducted by Arezes and Miguel (2002), participants indicated that 
hearing protectors with lower attenuation (such as flat-attenuation, high-fidelity insert 
earplugs) were more efficient for work than those with higher attenuation (such as foam 
insert earplugs). This is suggestive of a higher acceptance rate of high-fidelity earplugs 
by music venue workers as opposed to foam plugs and should be considered when venues 
provide appropriate hearing protection to employees. The current study did not evaluate 
the relationship between comfort index score and use/acceptance of HPD.   
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The provision of free earplugs in a setting where multiple empoyees were wearing 
the hearing protection for research purposes may have indirectly altered peer and 
management influences. Griest, Folmer, and Hal Martin (2007) found that the biggest 
problem in hearing health advocation was changing behaviors considered to be high-risk, 
such as listening to amplified music without adequate protection. Further, they found if 
hearing health is advocated by superiors, there is an increased likelihood for subordinates 
to use hearing protection. The observed increase in likelihood to wear hearing protection 
in the current study may additionally arise from managers and other participants 
advocating HPD use while at work or by the researcher providing reminders for 
participants to use them. The current study did not address the influence of management 
on the subjects’ behavior.  
Experiences 
 Experience questions primarily focused on the individual’s perceptions before and 
after wearing hi-fidelity earplugs. Perceptions changed after wearing earplugs while 
working in small music venues. When subjects were asked their agreement with the 
statement “Wearing hearing protection is annoying” (Question 44), 58.3% disagreed on 
the pre-questionnaire and increased to 83.3% disagreed on the post-questionnaire. This 
suggests an improved perception of hearing protectors after use and that their experience 
may have demonstrated that the annoyance was not as great as originally anticipated. 
Further, slight improvements were evident when asked “Hearing protectors limit my 
ability to hear problems at work” (Question 41), 45.8% disagreed on the pre-
questionnaire. On the post-questionnaire, only 67% of participants disagreed with this 
statement, suggestive of a perceived improvement while wearing ER 20 HPDs. These 
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results were similar to those found in the Keppler et al. article (2015), wherein they found 
that their participants were aware of decreased ability to communicate with hearing 
protection. This outcome may also be due to other factors unique to working at the small 
music venue, such as a reduction in visibility of customers’ faces with lowered lighting or 
increased physical distance when verbal communication occurs between the employee 
and the patron. 
 When asked Question 3, “Does the use of hearing protection by fellow employees 
influence your use of hearing protection?,” 54.2% of participants agreed with this 
statement on the pre-questionnaire. This increased to 66.7% on the post-questionnaire, 
suggesting a positive influence of fellow employees towards hearing health. This was 
similar to the results found in the Kepper et al. (2015) study where participants were 
more likely to wear hearing protection when peers also complied, making it a social 
“norm.”  
 When KABBE participants were asked their agreement with the statement in 
Question 42, “My ears ring or buzz all the time,” 54.2% of participants agreed on the 
post-questionnaire. This decreased to 29.2% on the post-questionnaire, which is 
suggestive of a perceived reduction in tinnitus symptoms after hearing protector use. No 
participant reported or complained of experiencing increased tinnitus symptoms after 
HPD use. 
Hearing Protection Comfort Index 
 
The Byrne et al. (2011) study evaluated attenuation and comfort in workers using 
two types of earplugs (one foam and one moldable). These authors found an inverse 
relationship between attenuation and comfort, with poorer attenuating earplugs rated as 
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more comfortable by naïve subjects. The majority of subjects (75th percentile) in the 
Byrne et al. (2011) study rated both earplugs at or below the median comfort index of 42. 
In the current study, participants responded neutrally (median score 34.5) when 
answering the Comfort Index portion of the post-questionnaire. This score approximates 
the median outcome for the moldable earplug in the Byrne et al. study as summarized in 
Table 20. As mentioned previously, it should be noted that the KABBE analysis omitted 
one question due to a wording error, so this eliminated an exact comparison to the Byrne 
et al. (2011) study. Further, as suggested by Byrne et al. (2011), the perceived comfort of 
hearing protectors is dependent upon knowledge, psychological scales, ease of use, and 
overall appeal. 
Table 20 
Mean Comfort Index Comparison 
Study    Earplug Type     Mean (SD) 
 





Byrne, Davis, Shaw, 
Specht, & Holland, 2011 
EAR Classic 
Joe’s Ear Plugs 
30 (not reported) 
32 (not reported) 
 
Informal Hearing ProtectionDevices Feedback 
 
Employees that participated in both the pre- and post-questionnaire remained 
engaged and offered impromptu spoken and texted feedback throughout the study. One 
participant from Venue C sent the researcher a text message (Figure 3), discussing the 




Figure 3. Sample text message received from participant during data collection. 
At Venue A, a participant verbally stated that the earplugs were their “absolute 
favorite” and demonstrated having attached them to their key ring. Another participant 
stated they were “excited to try some really nice ear plugs.” When asked for further 
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clarification, the participant reported that they had used foam plugs before and wanted to 
try something “intended for people like us.”  
Several participants subjectively mentioned the high quality of sound, the 
excellent comfort, and their intent to use the hi-fidelity earplugs in the future. No 
informal negative feedback towards the hearing protector was shared with the researcher. 
These positive statements suggest that just an opportunity to wear hi-fidelity earplugs 
with minimal training may result in immediate positive changes in earplug acceptance. 
Brief Video Training 
 The brief video presented after completion of the pre-questionnaire was designed 
and filmed by the researcher. This was to provide consistent information as well as to 
easily disseminate simple instructional training for the proper insertion of high-fidelity 
HPD. Some participants expressed interest, remarking that they had never been instructed 
how to properly insert earplugs. Participants mentioned that using the video training 
“worked” better than simply trying to insert the earplugs into their ears without guidance. 
It should be noted that there was no formal evaluation of the fit of the earplugs or field 
measurement of attenuation, and it is unknown if the subjects adequately fit the earplugs 
during the study. Consequently, the effectiveness of the training video is unknown.  
Tinnitus Handicap Inventory 
Mean responses on the Tinnitus Handicap Inventory are summarized in Table 21 
with regard to the Newman et al. (1996) and (1998) studies. In general, workers in the 






Comparison of Mean THI Scores to Newman et al. 
 
 KABBE (post) Newman et al., 1996 Newman et al., 1998 




22.6 [32.6] 25.4 [20.5] 37.1 [26.1] 
 
 An overall decrease was observed between the pre- and post-questionnaire in 
regards to tinnitus symptoms. This decline may have resulted from appropriate use of 
hearing protection while in noisy work environments, perhaps reducing the effect of 
short-term noise exposure and the temporary onset of tinnitus immediately following 
exposure.  
 Following the protocol outlined in the Newman et al. (1996) study, participants 
that scored higher than 18 points on the THI were referred for further evaluation. Eight 
participants scored >18 points on the THI portion of the pre- or post-questionnaire. 
Participants were texted and/or emailed referral information following the conclusion of 
the study.  
Strengths and Limitations of the Study 
 
Strengths 
The study used an extensive set of survey questions that have been utilized in 
other studies related to the risk of noise-induced hearing loss in adult musicians and 
workers. A noted strength to this study was the consistency of which the hearing 
protection was distributed. The same video and brand of earplugs were used at each 
venue to retain uniformity and prevent bias. The video and earplugs were all presented to 
the participants at their respective venue. Additionally, responses were collected 
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electronically, rather than paper, and required an answer prior to proceeding, forcing 
participants to complete all appropriate and related questions. The study used a simple 
practical training approach that can reasonably be implemented in any music venue 
utilizing the same style of earplugs.   
Limitations 
A limitation to this study may have been the length of the questionnaires, both 
pre- and post-. The surveys were long, and several subjects complained about the number 
of questions and length of time required for completion. This resulted in some subjects 
withdrawing from the study at the time of post-survey administration. Future researchers 
may include a progress bar or percentage of completion for participants when designing 
the pre- and post-questionnaires. This may prevent frustration and allow the participant to 
see direct progress through the questionnaire. 
Further, the small population size was a limitation to this study. While 32 
participants completed the pre-questionnaire and 24 completed the post-questionnaire, a 
larger sample size would have increased statistical power. The generalizability of the 
study outcomes would be have been improved by including more venues and expanding 
the geographical regions. This was beyond the scope of an unfunded student research 
project. 
The study would have also been improved by incorporating direct verfification of 
earplug use throughout the workshifts. Hearing protection devices use was self-reported 





Future research should include a larger study population and larger sample size 
per venue. Additionally, the study population should include more than three venues to 
understand social diversity between facilities. Future researchers may consider expanding 
the selection of hi-fidelity earplugs and include custom devices which may influence 
acceptance and comfort.  
Future research should include evidence-based intervention designed to change 
knowledge, attitudes, beliefs, and behaviors related to hazardous noise exposure. 
Stephenson and Stephenson (2011) found that providing appropriate hearing protection in 
addition to an adequate educational intervention method yielded the highest percentage of 
use compliancy in noisy work environments. 
Summary 
 This study described changes in knowledge, attitudes, beliefs, behaviors, and 
experiences (KABBE) change after wearing musician earplugs for five workshifts in a 
small music venue. Specifically, a statistically significant change was observed for the 
factors related to Daily Noise (YANS) and Self-efficacy (BAHPHL). A more strategic 
and evidence-based intervention program would need to be implemented in order to 
expect broader changes in the YANS, BAHPHL, or KABBE factors.  
 A clinically significant reduction in self-reported tinnitus symptoms was observed 
for 36.4% of participants after hearing protector use during work exposures. ER-20 
earplugs were scored as neither comfortable or uncomfortable on both the pre- and post-
questionnaires. Overall these results suggest that the distribution of hi-fidelity earplugs 
accompanied by a brief HPD fitting video viewed on a smartphone to workers in small 
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music venues is practical and results in significant improvements in worker attitudes 
towards daily noise, self-efficacy, beliefs, and behaviors related to hearing protector use 
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CONSENT FORM FOR HUMAN PARTICIPANTS IN 
RESEARCH 
Informed Consent to Participate in Research 
Musician Ear Plugs: Knowledge, Attitudes, Beliefs, and Experiences Among Small 
Music Venue Workers 
Researcher: Katy Hickey, Doctor of Audiology Graduate Student 
Phone: (303) xxx-xxxx 
Email: hick3340@bears.unco.edu 
Research Advisor: Deanna Meinke, PhD, CCC-A 
Phone: 970-351-1600 
Email: Deanna.Meinke@unco.edu 
University of Northern Colorado Audiology and Speech Language Sciences 
Gunter Hall 1400 Campus Box 140 Greeley, CO 80639 
INVITATION TO PARTICIPATE 
This is a University of Northern Colorado audiology graduate student Capstone research 
project measuring the knowledge, attitudes, beliefs and experiences of small music venue 
workers towards hearing protection use while at work. 
Your participation in this study is requested because you are an employee of a small 
music venue in Colorado and are regularly exposed to high sound levels. 
PURPOSE AND DESCRIPTION 
The primary purpose of this study is to understand and measure the knowledge, attitudes, 
beliefs, and experiences of music venue workers before and after wearing high-fidelity, 
flat-attenuation musician ear plugs at work. Participants will be given a brief pre-
intervention survey to quantify their answers via Qualtrics. After each participant has 
completed the survey, they will receive one (1) set of flanged high-fidelity, flat-
attenuation musicians’ ear plugs and watch a short instructional video for proper 
insertion, wear, and removal. The researcher will be present to answer clarifying 
questions and conduct a visual fit-check. Participants are requested to wear these ear 
plugs over the course of five (5) consecutive shifts at the music venue. After each shift, 
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the participant will receive an automatically-generated text message and will respond to 
the following questions: 
1. Did you wear your musician’s ear plugs during your shift? 
2. If yes, how long did you wear them? 
Participants are requested to bring a copy of their work schedule to the initial meeting to 
determine a messaging timetable if possible. 
Answers to the previous questions are to be collected for data points and will be used to 
identify any potential outlier or skewed data. Text messages are not intended to coerce 
the participant into inaccurately representing their experiences or use of hearing 
protection. 
After participants have completed 5 consecutive shifts wearing these ear plugs, the 
researcher will return to conduct a post-intervention questionnaire. This questionnaire 
will be catered to the participant’s previous responses. This post-intervention 
questionnaire will be conducted at a later date, to be determined by your General 
Manager. The researcher will inform participants of date and time when verified. 
At the conclusion of this research experiment, participants may keep the ear plugs as 
participation incentive. 
The researcher will take every precaution in order to protect the participant’s anonymity. 
Participants will be assigned a subject number for measurement purposes. Only the 
principle investigator, her assistant, and the research committee will know the name 
connected with the subject number. Answers with identifying information will not be 
provided to employers to reduce participant answer bias. 
Potential risks are minimal. Participants may experience minimal itching or tenderness 
from use of ear plugs, particularly when incorrectly worn. To mitigate this risk, the 
researcher will be present to ensure participants can appropriately insert the ear plugs into 
their own ears and will conduct a brief, visual fit-check. 
Participation is voluntary. You may decide not to participate in this study and if you 
begin participation you may still decide to stop and withdraw at any time. Your decision 
will be respected and will not result in loss of benefits to which you are otherwise 
entitled. Having read the above and having had an opportunity to ask any questions, 
please sign below if you would like to participate in this research. A copy of this form 
will be given to you to retain for future reference. If you have any concerns about your 
selection or treatment as a research participant, please contact Sherry May, IRB 
Administrator, Office of 
Sponsored Programs, 25 Kepner Hall, University of Northern Colorado Greeley, CO 
80639; 970-351-1910. This study has been approved by a panel of the University of 
Northern Colorado Institutional Review Board (IRB). 
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This information is for research purposes only. Your answers and identifying information 
will not be released to anyone outside of the research committee of this Capstone. Your 
email address and phone number will be utilized only to acquire your responses. Sign 
below for your agreement. 





















# (Pre & 
Post) QUESTION   
Behavior   1 
Do you wear ear plugs when exposed 
to loud noise when at work? 
Behavior   2 
Do you wear earplugs when exposed 
to loud noise when at loud hobbies 
outside of work? 
Behavior   3 
Does the use of hearing protection by 
fellow employees influence your use 
of hearing protection? 
Behavior   4 
Does the use of hearing protection by 
customers influence your use of 
hearing protection? 
Behavior   5 
If earplugs were dispensed for free in 
noisy environments, would you be 
more likely to wear them? 
Belief   6 
Should employers provide hearing 




I think that the sound level at music 
venues, in general, is too loud. 
YANS 
Concentration 
In Noise 2 8* 
Listening to music while doing work 






I am prepared to do something to 




I consider leaving a disco, rock 
concert, dance, or sporting event if 
the sound level is too loud. 
YANS 
Concentration 
In Noise 2 11 
I can concentrate even if there are 




I think it is unnecessary to use 






It is important to me to make my 






In Noise 2 14 





The sound level at music venues is 




Noise and loud sounds are natural 
parts of society. 











I think it should be quiet and calm in 
the workplace. 
YANS Daily Noise 3 20 
Sounds from fans, refrigerators, 




I am prepared to give up extra 
activities where the sound level is too 
loud. 
YANS Daily Noise 3 22* 
The sound level at my work is 
comfortable. 
YANS Daily Noise 3 23 





There should be more rules or 







When I cannot get rid of sounds that 
bother me, I feel helpless. 
BAHPHL Self Efficacy 7 26 




Intentions 5 27* 
I do not intend to wear hearing 
protectors when I am around loud 




Most of my co-workers wear hearing 




To HL 1 29 
I think I can work around loud noise 
without it hurting my hearing. 
BAHPHL 
Preventive 
Actions 3 30 
I think wearing hearing protection 






Intentions 5 31 
I wear hearing protectors whenever I 








My coworkers don't wear ear plugs 
when they work in loud noise. 
BAHPHL 
Consequences 
Of HL 2 34 
Losing my hearing would make it hard 
for people to talk to me. 
BAHPHL 
Susceptibility 
To HL 1 35 
I believe my ears can eventually get 
'toughened' to noise, so they are less 
likely to be damaged by it. 
BAHPHL Self Efficacy 7 36* 
I know when I should use hearing 





Actions 4 37 
I think it will be hard to hear warning 
signals (like back-up beeps) if I am 
wearing hearing protectors. 
BAHPHL 
Susceptibility 
To HL 1 38 
I believe exposure to loud noise can 
hurt my hearing. 
BAHPHL 
Preventive 
Actions 3 39 
I am convinced I can prevent hearing 
loss by wearing hearing protectors 
whenever I work in loud noise. 
BAHPHL 
Susceptibility 
To HL 1 40 
I think my hearing is being hurt by 




Actions 4 41* 
Hearing protectors limit my ability to 
hear problems at work. 
BAHPHL 
Consequences 
Of HL 2 42* My ears ring or buzz all the time. 
BAHPHL 
Preventive 
Actions 3 43 
If I wear hearing protection I can 




Actions 4 44 





Most of my coworkers think it is a 
good idea to wear hearing protectors 
in loud music. 
BAHPHL Self Efficacy 7 46 
If coworkers asked me, I would be 






To HL 1 47 
I don't think I have to wear hearing 





Actions 4 48* 
I can't hear customer's orders if I 
wear hearing protectors. 
BAHPHL 
Susceptibility 
To HL 1 49* 
I believe that daily exposure to loud 




Of HL 2 50 
I think it would be a big problem if I 
lost my hearing. 
BAHPHL 
Behavioral 
Intentions 5 51* 
I plan to wear hearing protection 
when I work ear loud music. 
BAHPHL 
Behavioral 
Intentions 5 52* 
On my current job, I seldom wear 
hearing protectors when I work 
around loud music. 
Knowledge   53 
There are laws designed to protect 
workers from working in hazardous 
noise. 
Knowledge   54 Noise damages the ear drum. 
Knowledge   55 
It is important for a hearing 
protection to fit properly to prevent 
hearing loss. 
THI   56 
Because of your tinnitus, is it difficult 
for you to concentrate? 
THI   57 
Does the loudness of your tinnitus 
make it difficult for you to hear 
people? 
THI   58 Does your tinnitus make you angry? 
THI   59 
Does your tinnitus make you feel 
confused? 
THI   60 
Because of your tinnitus, do you feel 
desperate? 
THI   61 
Do you complain a great deal about 
your tinnitus? 
THI   62 
Because of your tinnitus, do you have 
trouble falling to sleep at night? 
THI   63 
Do you feel as though you cannot 
escape your tinnitus? 
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THI   64 
Does your tinnitus interfere with your 
ability to enjoy your social activities 
(such as going out to dinner, to the 
movies)? 
THI   65 
Because of your tinnitus, do you feel 
frustrated? 
THI   66 
Because of your tinnitus, do you feel 
that you have a terrible disease? 
THI   67 
Does your tinnitus make it difficult for 
you to enjoy life? 
THI   68 
Does your tinnitus interfere with your 
job or household responsibilities? 
THI   69 
Because of your tinnitus, do you find 
that you are often irritable? 
THI   70 
Because of your tinnitus, is it difficult 
for you to read? 
THI   71 Does your tinnitus make you upset? 
THI   72 
Do you feel that your tinnitus 
problem has placed stress on your 
relationships with members of your 
family and friends? 
THI   73 
Do you find it difficult to focus your 
attention away from your tinnitus 
and on other things? 
THI   74 
Do you feel that you have no control 
over your tinnitus? 
THI   75 
Because of your tinnitus, do you 
often feel tired? 
THI   76 
Because of your tinnitus, do you feel 
depressed? 
THI   77 
Does your tinnitus make you feel 
anxious? 
THI   78 
Do you feel that you can no longer 
cope with your tinnitus? 
THI   79 
Does your tinnitus get worse when 
you are under stress? 
THI   80 




Comfort Index POST ONLY 81 
This part of the questionnaire asks 
about the comfort of the protector 
you are currently wearing. Each line 
contains a word pair that consists of 
opposites. You are asked to check 
one of the ten boxes that best 
describes the comfort of your 
protector along that line. How does 
your hearing protector feel? 
Painful - Painless 
Comfort Index POST ONLY 82 
This part of the questionnaire asks 
about the comfort of the protector 
you are currently wearing. Each line 
contains a word pair that consists of 
opposites. You are asked to check 
one of the ten boxes that best 
describes the comfort of your 
protector along that line. How does 
your hearing protector feel? 
Comfortable - Uncomfortable 
Comfort Index POST ONLY 83 
This part of the questionnaire asks 
about the comfort of the protector 
you are currently wearing. Each line 
contains a word pair that consists of 
opposites. You are asked to check 
one of the ten boxes that best 
describes the comfort of your 
protector along that line. How does 
your hearing protector feel? 
Uncomfortable pressure - Not 
uncomfortable pressure 
Comfort Index POST ONLY 84 
This part of the questionnaire asks 
about the comfort of the protector 
you are currently wearing. Each line 
contains a word pair that consists of 
opposites. You are asked to check 
one of the ten boxes that best 
describes the comfort of your 
protector along that line. How does 
your hearing protector feel? 
Tolerable - Intolerable 
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Comfort Index POST ONLY 85 
This part of the questionnaire asks 
about the comfort of the protector 
you are currently wearing. Each line 
contains a word pair that consists of 
opposites. You are asked to check 
one of the ten boxes that best 
describes the comfort of your 
protector along that line. How does 
your hearing protector feel? 
Loose - Tight 
Comfort Index POST ONLY 86 
This part of the questionnaire asks 
about the comfort of the protector 
you are currently wearing. Each line 
contains a word pair that consists of 
opposites. You are asked to check 
one of the ten boxes that best 
describes the comfort of your 
protector along that line. How does 
your hearing protector feel? 
Bothersome - Not bothersome 
Comfort Index POST ONLY 87 
This part of the questionnaire asks 
about the comfort of the protector 
you are currently wearing. Each line 
contains a word pair that consists of 
opposites. You are asked to check 
one of the ten boxes that best 
describes the comfort of your 
protector along that line. How does 
your hearing protector feel? 
Light - Heavy 
Comfort Index POST ONLY 88 
This part of the questionnaire asks 
about the comfort of the protector 
you are currently wearing. Each line 
contains a word pair that consists of 
opposites. You are asked to check 
one of the ten boxes that best 
describes the comfort of your 
protector along that line. How does 
your hearing protector feel? 
Not cumbersome - Cumbersome 
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Comfort Index POST ONLY 89 
This part of the questionnaire asks 
about the comfort of the protector 
you are currently wearing. Each line 
contains a word pair that consists of 
opposites. You are asked to check 
one of the ten boxes that best 
describes the comfort of your 
protector along that line. How does 
your hearing protector feel? 
Hard - Soft 
Comfort Index POST ONLY 90 
This part of the questionnaire asks 
about the comfort of the protector 
you are currently wearing. Each line 
contains a word pair that consists of 
opposites. You are asked to check 
one of the ten boxes that best 
describes the comfort of your 
protector along that line. How does 
your hearing protector feel? 
Hot - Cold 
Comfort Index 
This question 







This questionnaire asks about the 
comfort of the protector you are 
currently wearing. Each line contains 
a word pair that consists of opposites. 
You are asked to place a check or x in 
one of the five boxes that best 
describes the comfort of your 
protector along that line. How does 
your hearing protector feel? 
Hot* [Rough] – Smooth  
*incorrectly worded on questionnaire 
Comfort Index POST ONLY 92 
This questionnaire asks about the 
comfort of the protector you are 
currently wearing. Each line contains 
a word pair that consists of opposites. 
You are asked to place a check or x in 
one of the five boxes that best 
describes the comfort of your 
protector along that line. How does 
your hearing protector feel? 
No feeling of complete isolation - 
Feeling of complete isolation 
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Comfort Index POST ONLY 93 
This questionnaire asks about the 
comfort of the protector you are 
currently wearing. Each line contains 
a word pair that consists of opposites. 
You are asked to place a check or x in 
one of the five boxes that best 
describes the comfort of your 
protector along that line. How does 
your hearing protector feel? 
Ear blocked - Ear open 
Comfort Index POST ONLY 94 
This questionnaire asks about the 
comfort of the protector you are 
currently wearing. Each line contains 
a word pair that consists of opposites. 
You are asked to place a check or x in 
one of the five boxes that best 
describes the comfort of your 
protector along that line. How does 
your hearing protector feel? 
Ear full - Ear empty 






















NUMBER (PRE & 
POST) 
Question 
** = POST-questionnaire ONLY 
[ORDERED BY FACTOR] 
KNOWLEDGE 34 
Losing my hearing would make it hard for people 
to talk to me. 
KNOWLEDGE 36* 
I know when I should use hearing protectors to 
prevent hearing loss and tinnitus. 
KNOWLEDGE 53 
There are laws designed to protect workers from 
working in hazardous noise. 
KNOWLEDGE 54 Noise damages the ear drum. 
KNOWLEDGE 55 
It is important for a hearing protection to fit 
properly to prevent hearing loss. 
ATTITUDE 7* 
I think that the sound level at music venues, in 
general, is too loud. 
ATTITUDE 8* 
Listening to music while doing work helps me 
concentrate. 
ATTITUDE 9* 
I am prepared to do something to make the work 
environment quieter. 
ATTITUDE 10 
I consider leaving a disco, rock concert, dance, or 
sporting event if the sound level is too loud. 
ATTITUDE 11 
I can concentrate even if there are many different 
sounds around me. 
ATTITUDE 12* 
I think it is unnecessary to use earplugs when I am 
at a music venue. 
ATTITUDE 13 
It is important to me to make my sound 
environment more comfortable. 
ATTITUDE 14 I don't like when it is quiet around me. 
ATTITUDE 15* The sound level at music venues is not a problem. 
ATTITUDE 17 Traffic noise is not disturbing. 
ATTITUDE 18 
The sound level should be lowered at music 
venues. 
ATTITUDE 19* 
I think it should be quiet and calm in the 
workplace. 
ATTITUDE 20 
Sounds from fans, refrigerators, computers, etc. 
do not disturb me. 
ATTITUDE 21* 
I am prepared to give up extra activities where the 
sound level is too loud. 
ATTITUDE 22* The sound level at my work is comfortable. 




There should be more rules or regulations for the 
sound levels in society. 
ATTITUDE 25 
When I cannot get rid of sounds that bother me, I 
feel helpless. 
ATTITUDE 40 
I think my hearing is being hurt by exposure to 
loud noise at work. 
ATTITUDE 16 Noise and loud sounds are natural parts of society. 
ATTTUDE 50 
I think it would be a big problem if I lost my 
hearing. 
BEHAVIOR 1 
Do you wear ear plugs when exposed to loud 
noise when at work? 
BEHAVIOR 2 
Do you wear earplugs when exposed to loud noise 
when at loud hobbies outside of work? 
BEHAVIOR 3 
Does the use of hearing protection by fellow 
employees influence your use of hearing 
protection? 
BEHAVIOR 4 
Does the use of hearing protection by customers 
influence your use of hearing protection? 
BEHAVIOR 5 
If earplugs were dispensed for free in noisy 
environments, would you be more likely to wear 
them? 
BEHAVIOR 27* 
I do not intend to wear hearing protectors when I 
am around loud music or equipment. 
BEHAVIOR 37 
I think it will be hard to hear warning signals (like 
back-up beeps) if I am wearing hearing protectors. 
BEHAVIOR 46 
If coworkers asked me, I would be able to help 
with wearing hearing protectors correctly. 
BEHAVIOR 51* 
I plan to wear hearing protection when I work ear 
loud music. 
BEHAVIOR 52* 
On my current job, I seldom wear hearing 
protectors when I work around loud music. 
BEHAVIOR 31 
I wear hearing protectors whenever I work around 
loud noise. 
BELIEF 6 
Should employers provide hearing protection to 
employees? 
BELIEF 26 I believe I know how to fit and wear earplugs. 
BELIEF 29 
I think I can work around loud noise without it 
hurting my hearing. 
BELIEF 30 
I think wearing hearing protection every time I am 
working in loud noise is important. 
BELIEF 35 
I believe my ears can eventually get 'toughened' to 




I believe exposure to loud noise can hurt my 
hearing. 
BELIEF 39 
I am convinced I can prevent hearing loss by 
wearing hearing protectors whenever I work in 
loud noise. 
BELIEF 43 
If I wear hearing protection I can protect my 
hearing. 
BELIEF 47 
I don't think I have to wear hearing protectors 
every time I am working in noise. 
BELIEF 49 
I believe that daily exposure to loud music will 
eventually damage my hearing. 
EXPERIENCE 28 
Most of my co-workers wear hearing protectors 
when they work around loud noise. 
EXPERIENCE 32* Ear plugs are uncomfortable to wear. 
EXPERIENCE 33* 
My coworkers don't wear ear plugs when they 
work in loud noise. 
EXPERIENCE 41* 
Hearing protectors limit my ability to hear 
problems at work. 
EXPERIENCE 42* My ears ring or buzz all the time. 
EXPERIENCE 44 Wearing hearing protection is annoying. 
EXPERIENCE 45* 
Most of my coworkers think it is a good idea to 
wear hearing protectors in loud music. 
EXPERIENCE 48* 
I can't hear customer's orders if I wear hearing 
protectors. 
Tinnitus 56 
Because of your tinnitus, is it difficult for you to 
concentrate? 
Tinnitus 57 
Does the loudness of your tinnitus make it difficult 
for you to hear people? 
Tinnitus 58 Does your tinnitus make you angry? 
Tinnitus 59 Does your tinnitus make you feel confused? 
Tinnitus 60 Because of your tinnitus, do you feel desperate? 
Tinnitus 61 Do you complain a great deal about your tinnitus? 
Tinnitus 62 
Because of your tinnitus, do you have trouble 
falling to sleep at night? 
Tinnitus 63 
Do you feel as though you cannot escape your 
tinnitus? 
Tinnitus 64 
Does your tinnitus interfere with your ability to 
enjoy your social activities (such as going out to 
dinner, to the movies)? 
Tinnitus 65 Because of your tinnitus, do you feel frustrated? 
Tinnitus 66 
Because of your tinnitus, do you feel that you have 




Does your tinnitus make it difficult for you to 
enjoy life? 
Tinnitus 68 
Does your tinnitus interfere with your job or 
household responsibilities? 
Tinnitus 69 
Because of your tinnitus, do you find that you are 
often irritable? 
Tinnitus 70 
Because of your tinnitus, is it difficult for you to 
read? 
Tinnitus 71 Does your tinnitus make you upset? 
Tinnitus 72 
Do you feel that your tinnitus problem has placed 
stress on your relationships with members of your 
family and friends? 
Tinnitus 73 
Do you find it difficult to focus your attention 
away from your tinnitus and on other things? 
Tinnitus 74 
Do you feel that you have no control over your 
tinnitus? 
Tinnitus 75 Because of your tinnitus, do you often feel tired? 
Tinnitus 76 Because of your tinnitus, do you feel depressed? 
Tinnitus 77 Does your tinnitus make you feel anxious? 
Tinnitus 78 
Do you feel that you can no longer cope with your 
tinnitus? 
Tinnitus 79 
Does your tinnitus get worse when you are under 
stress? 
Tinnitus 80 Does your tinnitus make you feel insecure? 
**COMFORT 81 
This part of the questionnaire asks about the 
comfort of the protector you are currently 
wearing. Each line contains a word pair that 
consists of opposites. You are asked to check one 
of the ten boxes that best describes the comfort 
of your protector along that line. How does your 
hearing protector feel? -- Painful - Painless 
**COMFORT 82 
This part of the questionnaire asks about the 
comfort of the protector you are currently 
wearing. Each line contains a word pair that 
consists of opposites. You are asked to check one 
of the ten boxes that best describes the comfort 
of your protector along that line. How does your 





This part of the questionnaire asks about the 
comfort of the protector you are currently 
wearing. Each line contains a word pair that 
consists of opposites. You are asked to check one 
of the ten boxes that best describes the comfort 
of your protector along that line. How does your 
hearing protector feel? -- Uncomfortable pressure 
- Not uncomfortable pressure 
**COMFORT 84 
This part of the questionnaire asks about the 
comfort of the protector you are currently 
wearing. Each line contains a word pair that 
consists of opposites. You are asked to check one 
of the ten boxes that best describes the comfort 
of your protector along that line. How does your 
hearing protector feel? -- Tolerable - Intolerable 
**COMFORT 85 
This part of the questionnaire asks about the 
comfort of the protector you are currently 
wearing. Each line contains a word pair that 
consists of opposites. You are asked to check one 
of the ten boxes that best describes the comfort 
of your protector along that line. How does your 
hearing protector feel? -- Loose - Tight 
**COMFORT 86 
This part of the questionnaire asks about the 
comfort of the protector you are currently 
wearing. Each line contains a word pair that 
consists of opposites. You are asked to check one 
of the ten boxes that best describes the comfort 
of your protector along that line. How does your 
hearing protector feel? -- Bothersome - Not 
bothersome 
**COMFORT 87 
This part of the questionnaire asks about the 
comfort of the protector you are currently 
wearing. Each line contains a word pair that 
consists of opposites. You are asked to check one 
of the ten boxes that best describes the comfort 
of your protector along that line. How does your 




This part of the questionnaire asks about the 
comfort of the protector you are currently 
wearing. Each line contains a word pair that 
consists of opposites. You are asked to check one 
of the ten boxes that best describes the comfort 
of your protector along that line. How does your 
hearing protector feel? -- Not cumbersome - 
Cumbersome 
**COMFORT 89 
This part of the questionnaire asks about the 
comfort of the protector you are currently 
wearing. Each line contains a word pair that 
consists of opposites. You are asked to check one 
of the ten boxes that best describes the comfort 
of your protector along that line. How does your 
hearing protector feel? -- Hard - Soft 
**COMFORT 90 
This part of the questionnaire asks about the 
comfort of the protector you are currently 
wearing. Each line contains a word pair that 
consists of opposites. You are asked to check one 
of the ten boxes that best describes the comfort 
of your protector along that line. How does your 
hearing protector feel? ---- Hot - Cold 
**COMFORT 91 
This questionnaire asks about the comfort of the 
protector you are currently wearing. Each line 
contains a word pair that consists of opposites. 
You are asked to place a check or x in one of the 
five boxes that best describes the comfort of your 
protector along that line. How does your hearing 
protector feel? -- Hot* [Rough] – Smooth 
*incorrectly worded on questionnaire 
**COMFORT 92 
This questionnaire asks about the comfort of the 
protector you are currently wearing. Each line 
contains a word pair that consists of opposites. 
You are asked to place a check or x in one of the 
five boxes that best describes the comfort of your 
protector along that line. How does your hearing 
protector feel? --No feeling of complete isolation - 




This questionnaire asks about the comfort of the 
protector you are currently wearing. Each line 
contains a word pair that consists of opposites. 
You are asked to place a check or x in one of the 
five boxes that best describes the comfort of your 
protector along that line. How does your hearing 
protector feel? -- Ear blocked - Ear open 
**COMFORT 94 
This questionnaire asks about the comfort of the 
protector you are currently wearing. Each line 
contains a word pair that consists of opposites. 
You are asked to place a check or x in one of the 
five boxes that best describes the comfort of your 
protector along that line. How does your hearing 
protector feel? -- Ear full - Ear empty 
*Question slightly modified for application to target population. 
 
